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This th e s i s  a tte u p ts  to  review and d isc u ss  the  experiences 
recorded  by o th e rs  who have used s p in a l an ae s th es ia  and to  s ta t e  my 
own experiences and im pressions. Like many o th e r  p ro ced u res , s p in a l 
an ae s th e s ia  has been and s t i l l  is  th e  su b je c t o f much controversy* 
Many w ith  v a st experience have the utmost confidence in  i t s  
e f f ic ie n c y  and s a fe ty ;  o th e rs  condemn i t .  Both views are  under­
s tan d ab le . The in tr a th e c a l  in je c t io n  o f  an a n a e s th e tic  agent may 
have d is a s tro u s  r e s u l ts .  To those  who have never experienced th ese  
o r  who have met d is a s te r  on ly  a f t e r  a la rg e  number o f  su ccessfu l 
in je c t io n s  th e  method i s  accep tab le . Tragedy e a r ly  in  i t s  use 
causes abandonment, o fte n  w ith condemnation.
I t  may seem stran g e  th a t  re lig io u s  b e l i e f  was what made me 
in c l in e  towards sp in a l an aes th es ia . In  Malaya, where I  have worked 
f o r  more than twenty y e a rs , a la rg e  number o f  the  in h a b ita n ts  a re  
Moslems. Most E astern  races are no t so w ill in g  to  submit to  
o p e ra tio n s  as W esterners a re ; but th e  Moslem is  the most u nw illing  
o f  a l l  -  a t  l e a s t  he was twenty years ago. They are more w il l in g  
i f  th e y  a re  prom ised th a t  they  w il l  no t be "put to  s le e p '1. I t  may 
be th a t  people f e a r  more the a n a e s th e tic  than  the o p e ra tio n . But 
i t  i s  to  the lo s s  o f  consciousness th a t  the Moslem o b je c ts . Many 
reasons have been suggested f o r  th i s .  I  b e liev e  the re a l one to  
have a re lig io u s  o r ig in .
I t  i s  n o t easy to  d iscu ss  re lig io u s  b e l ie f s  o r  to  understand 
them; f o r  F a ith  is  indeed " the  substance o f  th in g s  hoped f o r ,  the  
evidence o f tilings no t seen*. The a t t i tu d e  o f  th e  Moslem towards 
a g en era l a n a e s th e tic  i s  the  same as towards a lco h o l. Alcohol i s  
"haram"; th a t  i s ,  forbidden b y ^ re lig io n . Not only  does i t  "demean 
him and a lto g e th e r  d e stro y  him; i t  a lso  c re a te s  th e  s t a t e  o f 
"mabok" (drunkenness) in  which he cannot h ear the word o f  A lla h ."
Now a g en era l a n a e s th e tic  produces a very deep s ta te  indeed o f 
"mabok". Moreover, i t  c a r r ie s  w ith  i t  the r i s k  o f  death ; and the 
most im portant time o f  a l l  when th e  word must be heard  i s  when 
dying. To th e  Moslem, th e re fo re , a sp in a l a n ae s th e tic  a t t r a c t s  and 
a g en era l a n a e s th e tic  rep e ls .
As ny experience o f  the method increased  I  extended i t s  use 
because th e  second serio u s  in d ic a tio n  was the absence o f a s k i l le d  
a n a e s th e t i s t .  S tan ley  (1940) , d esc rib in g  h i s  experiences in  4 ,674 
cases o f  sp in a l an aesth esia  in  twenty—fiv e  y e a rs , s ta te s  th a t  he 
s ta r te d  i t  because he had no h e lp  in  th e  C a lifo rn ia  S ta te  p riso n .
I  have h e lp  bu t i t  &>es no t inc lude  a s k i l le d  a n a e s th e tis t .
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The choice o f  the most s u i ta b le  a n a e s th e tic  f o r  a given p a t ie n t  
c a l l s  f o r  c a re fu l and n o t J u s t  ra p id  and casual co n sid e ra tio n . I t  
should  p ro p e rly  be made by an experienced  a n a e s th e tis t  who i s  ab le  to  
weigh up a l l  th e  fa c to r s  t h a t  may in flu en ce  the choice and who i s  
s k i l l e d  in  th e  technique o f  a l l  forms o f an aes th es ia ; #10  can fo resee  
any d i f f i c u l t i e s  th a t  may a r is e  and who can in s ta n t ly  apply rem edial 
measures f o r  any contingency th a t  may a r i s e .  Bven i f  s k i l l e d  
a n a e s th e t i s ts  were everywhere av a ilab le  the choice in  any p a r t i c u la r  
p a t ie n t  need no t n e c e s s a r i ly  be the one th a t  a l l  exp erts  would adopt; 
th e re  i s  s t i l l  th e  f a c to r  o f in d iv id u a l p re fe ren ce . But th i s  does 
n o t mean th a t  experienced  a n a e s th e tis ts  do no t always g ive  the  c o rre c t 
a n a e s th e tic ; indeed , they  do , where such a re  a v a ilab le ; fo r  su re ly  
in d iv id u a l experience may be an im portant f  ao to r in  determ in ing  s a fe ty .
S p ina l an aes th es ia  i s  only  one method o f  allow ing the perform ance 
o f  an o p e ra tio n ; i t  is  c e r ta in ly  not always the  c o rre c t cho ice . Where 
a l l  methods o f  an aes th es ia  are  lo c a l ly  a v a ilab le  in  s k i l le d  hands, 
sp in a l  an ae s th e s ia  may n o t o fte n  be s e le c te d  as the most s u i ta b le  
choice . I t  i s  e s s e n t ia l ly  a surgeon 's  a n a e s th e tic , and in  the absence 
o f a s k i l le d  a n a e s th e tis t  i t  p re sen ts  m anifold advantages to  the 
surgeon, fo r  example in  abdominal work, and e sp e c ia lly  in  emergency 
o p e ra tio n s . The techn ique, once acqu ired , i s  sim ple; the  an aes th es ia  
i s  p e r fe c t  w hile  i t  l a s t s ;  muscular re la x a tio n  i s  very  marked, 
ren d e rin g  in tra-abdom inal manoeuvres easy o f  acconplishm ent. The 
p roduction  o f  an aes th es ia  i s  rap id . Surgeons who have s p e c ia l i s t  
a n a e s th e t i s ts  a t  t i ie i r  s e rv ic e  must fin d  i t  h a rd  to  b e liev e  the 
d i f f i c u l t i e s  o f  those  o f  t h e i r  co lleagues who have to  pu t up w ith  
u n sk ille d  a ttem pts to  ob ta in  g en era l an aes th es ia . The a n x ie t ie s  o f  
th e  inexperienced  when c a lle d  upon to  g ive a g en era l a n a e s th e tic  
fo r ,  sey , a p e rfo ra te d  p e p tic  u lcer, must be very g re a t indeed. On 
the one hand he  has to  "push” the  a n a e s th e tic  to  o b ta in  re la x a tio n ; 
on th e  o th e r  i s  h is  in a b i l i t y  to  achieve th i s ,  coupled w ith h is  f e a r  
in  a ttem p tin g  i t ,  and h is  consequent f a i lu r e  to keep peace w ith  the  
surgeon. The r e s u l t  i s  a prolonged general an ae s th es ia , in  dosage 
tm r exceeding th a t  n ecessary  because o f the surgeon 's procedures 
being  rendered  more d i f f i c u l t  than they  should be. R e trac tio n  o f  
muscles and p roper exposure are im possib le , with r e s u l t in g  increased  
and prolonged shock to th e  p a t ie n t .  The p o s t-o p e ra tiv e  phase i s  more 
storm y and com plications more freq u en t, troublesome and dangerous. 
Comparison o f  th ese  p a t ie n t s ' p o s t—o p e ra tiv e  s ta te  w ith  th a t  o f  
s im ila r  p a t ie n ts  operated  upon under sp in a l anaesthesia  would leav e  
only  th e  very  p re ju d iced  in  any doubt about the b e t te r  choice.
Where a surgeon is  alone; vhere he has help  but no s k i l le d  
a n a e s th e t is t  o r  where h is  helj> i s  lim ited  and the  volume of work 
does no t allow  th e  presence o f  one o f  h is  sm all s t a f f  to be p re sen t 
w hile he i s  o p e ra tin g , the  b ia s  towards sp in a l anaesthesia  i s  
in e v i ta b le .  Not on ly  t h i s ,  the se le c tio n  o f  sp in a l an aesth esia  i s
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j u s t i f i e d  because i t  i s  the most s u i ta b le  av a ilab le  choice . I  
make no p re ten ce  th a t my p a t ie n ts  ge t th e  p roper ohoioe o f  
a n a e s th e tic  agent; I  do i n s i s t  th a t  most o f  them g e t the b e s t  
a v a ila b le  an ae s th e tio .
As th e  method became popu lar among the  p a t ie n ts ,  so  the  bulk 
o f  work in c reased  enormously. Indeed i t  i s  n o t going too f a r  to  
s t a t e  th a t  th e  in tro d u c tio n  o f sp in a l an aesth esia  d id  more to  
p o p u la r ise  su rg ery  in  th i s  country  than anything e ls e .
■ J: > -Cf
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Although h i  a reasoning sounds odd to  us to -d ay , Com ing (1885) 
seems to  have been th e  f i r s t  to  conceive the  id ea  o f  in je c t in g  a 
drug in  such a manner th a t i t  would a c t d i r e c t ly  upon the sp in a l 
cord. But he d id  no t in ten d  to  e f fe c t  sub-arachnoid  in je c tio n ; 
indeed  he thought th is  was n e i th e r  p o s s ib le  no r necessary . I t  was 
n o t p o s s ib le  to  in troduce  the needle beneath the membranes o f  the 
medulla s p in a l i s  w ithout removal o f  the arches o f  the v e rteb rae  on 
aocount o f  th e  danger o f  wounding the  cord. I t  was not n ecessa ry  
because th e  e f f e c t  could be achieved through the medium o f the  blood­
v e s s e ls  o f  the  cord i f  the  drug were in troduced  n e a r them. He 
thought th a t  i f  th e se  v esse ls  were removed the drug would be in e r t .
H is ex p lan a tio n  o f  the ac tion  was th a t  i f  oooaine was in je c te d  between 
th e  spinous p ro cesses  o f  the low er d o rsa l v e rte b ra e , to  a depth n e a r  
th e  cord , i t  would g e t in to  some sm all veins th e re  which " jo in ed  th e  
more considerab le  v e sse ls  o f the  plexus s p in a l is  in te rn a ”. He made 
two eaqperiments.
H is f i r s t  su b je c t was a young dog whidh received  20 minims o f  
2$ hydroch&orate o f  cocaine between the low er d o rsa l spinous p ro cesses . 
F ive m inutes l a t e r  i t  showed in o o -o rd in a tio n  o f th e  h ind  leg s  follow ed 
by p a r a ly s is ,  bu t no s ig n s  o f  weakness in  the  fo re - le g s . S e n s ib i l i ty  
was te s te d  by a f in e  w ire brush connected to  a powerful Faradio  
b a tte ry . No response was o b ta in ed  in  the h in d -leg s  un less the most 
pow erful c u rre n ts  were used. When app lied  to  th e  fo re - le g s  the  lim b 
was drawn away v io le n tly  and the  animal "sen t up the  most dism al 
how ls". These phenomena p e rs is te d  fo r  a long time and t ra c e s  o f  
in c o -o rd in a tio n  were observed two hours a f t e r  the in je c tio n  had been 
made. Recovery seemed to  be complete a f t e r  fo u r  hours. Coming 
thought th a t  accu ra te  lo c a l is a t io n  was in p o ssib le  "on account o f  the  
numerous b lo o d -v e sse ls" , bu t s a id  i t  was conceivable th a t  "had th e  
q u a n tity  o f  a n a e s th e tic  f lu id  in je c te d  been g re a te r ,  the a n te r io r  
lim bs might a lso  have been a ffe c te d " . This l a s t  remark fo re c a s t  the 
l a t e r  p ra c t ic e  o f  o b ta in in g  g re a te r  h e ig h t in  th e  le v e l o f 
an ae s th e s ia  by in je c t in g  la rg e r  volumes o f the drug.
C om in g 's  second a tte n p t was made on a man upon whom he wished 
to  e f f e c t  a b o lit io n  o f  r e f le x  action  and annulment o f sensory  
conduction in  th e  cord. *̂ Eo th is  end I  in je c te d  30 minims o f  a 3^ 
so lu tio n  o f  the hydroch lorate  o f  cocaine in to  th e  space between th e  
spinous p ro cesses  o f  th e  11th: and 12th: d o rsa l v e rteb rae . As th e re  
was no numbness, t in g lin g  o r  o th e r  evidence o f  m odified s e n s ib i l i ty  
a f t e r  th e  lap se  o f  s ix  o r  e ig h t m inutes, I  again in je c te d  30 minima 
o f  the  same so lu tio n  a t  th e  same spo t and in  th e  sane m anner."
Ten m inutes l a t e r  th e  p a t ie n t  conplained th a t  h is  le g s  " f e l t  sleepy": 
and t e s t s  showed lo s s  o f  sensa tion  lim ited  p r in c ip a l ly  to ttie lower 
e x tre m itie s , the lumbar reg io n s, the  penis and th e  scrotum. When 
th e  p a t ie n t  l e f t  th e  o f f ic e  an hour l a t e r  " s e n s ib i l i ty  was s t i l l  
in p a ire d  to  a marked degree, but o therw ise he seemed none the worse
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f o r  h is  experience . The p a t e l l a r  tendon re f le x e s  w ere, however, 
a b o lish e d ."  Corning ended h is  a r t i c l e  w ith  th e se  w ords:- "be the  
d e s tin y  o f th e  observation  what i t  may, i t  h as seemed to  me, on the  
w hole, worth re o o id in g .w The development o f  sp in a l a n aes th es ia  
shows how w ell worth reco rd ing  h is  o b se rv a tio n s  were#
Corning makes i t  q u ite  c le a r  t h a t  he n ev e r in tended  d i r e c t  
subarachnoid in je c t io n  which was l a t e r  d e l ib e ra te ly  done by B ie r  
(1899)* But i t  i s  p o ss ib le  th a t he achieved th is  a c c id e n ta l ly , in  
th e  dog a t l e a s t .  In  a second a r t i c l e  Coming (1888) d esc rib ed  
experiences w ith  d is t r ib u t io n  o f the a n ae s th e tic  f lu id  in  sev e ra l 
in te rsp in o u s  spaces and how he had t r e a te d  fo u r p a t ie n ts  in  th is  way. 
The f i r s t  one was to  in je c t  a p a in fu l a re a , a p ra c t ic e  common enough 
to d ay , though cocaine is  no lo nger used.
B ie r  (1899) was the f i r s t  to  d e sc rib e  the p roduction  of sp in a l 
a n ae s th e s ia  f o r  the  perform ance o f  su rg io a l o p e ra tio n s . I  propose 
to  quote B ie r 's  w ritin g  a t co n siderab le  len g th  because i t  i s  o f  
g re a t h i s to r i c a l  importance and because i t  i s  o ften  m isquoted. F or 
example, Keys (1945) says "B ier in  I 898  produced tru e  sp in a l 
a n ae s th e s ia  in  anim als, then  on h im se lf and an a s s is ta n t  H ildebrand t 
by in je c t in g  th e  sp in a l cana l w ith a so lu tio n  o f cocaine. He was 
soon using  i t  on p a t ie n ts  w ith  complete su ccess” , and Rowbothan (1947) 
who says "In I 898 B ie r  o f K ie l , a f t e r  having f i r s t  subm itted to  an 
in t r a s p in a l  in je c t io n  o f  cocaine  on h im se lf, rep o rted  s ix  o p era tions 
under low sp in a l an a lg e s ia" . C areful read ing  o f  B ie r 's  paper shows 
th e se  s ta tem en ts  to  be in accu ra te . In  f a c t ,  B ie r perform ed o p era tio n s  
on f iv e  p a t ie n ts  under sp in a l an aes th es ia  befo re  he subm itted  to  an 
a ttem pt a t sp in a l an aes th es ia  on h im se lf a t  the hands o f  h is  a s s is ta n t  
H ild eb ran d t. This a ttem pt f a i le d ;  and B ie r  d id  n o t enjoy a personal 
experience o f  sp in a l an aes th es ia .
In  h i s  p ap er, B ie r  r e fe r s  to  the  lo c a l in je c t io n  technique 
in tro d u ced  by S le ich  which he thought was too l im ite d  in  scope to  
allow  the  perform ance o f b ig  o p e ra tio n s . He re fe r s  to  Quincke's 
( I 89I )  method o f  perform ing lumbar puncture and says th a t  he used 
th i s  technique to i n je c t  cocaine in t r a th e c a l ly .  H is f i r s t  op era tio n  
under s p in a l  anaesthesia  was perform ed on August 16th: 1898.
Using 3 cc . o f  a 0 . %  so lu tio n  o f  cocaine he re sec ted  the  ankle- 
j o i n t  o f  a 34-y e a r-o ld  workman s u ffe r in g  from tuberculous o steo ­
a r t h r i t i s  w ith secondary in fe c tio n . "The p a t ie n t  w hispered during  
the o p e ra tio n , but he d id  not move and l a t e r  sa id  he had had no p a in  
bu t was con scious on ly  th a t  something import a r t  was happening in  
the  fo o t. " Two hours l a t e r  pain  recu rred  in  the  fo o t and he had 
vom iting and severe headache. The vomiting soon ceased but the 
headache la s te d  t i l l  the following day.
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B ie r  g iv e s  d e ta i l s  o f  f iv e  subsequent o p e ra tio n s , and s ta te s  
n o t o n ly  th e  d a te s  but the time o f day a t  which each was perform ed.
On th e  morning o f  August 24 t h : , he perfoxmed h is  f i f t h  o p e ra tio n .
I t  was on a 3 0 -y ear-o ld  "agent f o r  b e e r*1 w ith a com plicated in fe c te d  
f r a c tu r e  o f  th e  femur in  i t s  low er th i r d .  On the evening o f  th a t  
day he thought he should  undergo sp in a l an aesth esia  h im se lf in  o rd e r 
to  g e t d e f in i te  in form ation  about th e  unpleasant d isag reeab le  symptoms 
such as headache, nausea and vomiting which eq u alled  those  fo llow ing 
g enera l n a rc o s is . Dr. H ildebrandt d id  th e  puncture  by B ie r ’s method 
and in je c te d  0*5 cc. o f  1$> cocaine. At the  tim e o f  p u n c tu re , B ie r  
f e l t  pa in  down one le g . But th e  in je c tio n  f a i l e d  to  produce 
a n ae s th es ia  and small cu ts  and p in -p r ic k s  were f e l t  everywhere as 
p a in . Dr. H ildebrand t then  o ffe re d  h im se lf f o r  experim ent and B ie r  
then  gave a s im ila r  dose on a p a t ie n t  who could understand , ap p rec ia te  
and d e sc rib e  a l l  th e  e f f e c t s  on h im se lf. He d e sc rib e s  poor 
H ildebrand t*s su ffe r in g s  as a l l  s o r ts  o f  to r tu re s  were i n f l i c t e d  upon 
him to  determ ine the e ff ic ie n c y  o f  the  an aes th es ia . He a lso  d e ta i l s  
the  subsequent phenomena in  both h im self and H ildebrand t. B ie r  says 
he was confined  to  bed f o r  ten days a fte rw ards. I f  th is  is  t r u e ,  he 
must have g o t ou t o f  bed to  opera te  on h is  s ix th  case th re e  days 
l a t e r .  He concludes h is  a r t i c l e  foy analysing  the inc idence  o f  
headaohe and o th e r  symptoms and suggests  th a t o th e r  substances a l l i e d  
o r  r e la te d  to  cocaine might no t produce these  d isag reeab le  phenomena.
T u f f ie r  (1899) quotes Quincke (1891) as showing the ease  and 
harm lessness o f lumbar puncture w ith  o r  w ithout the removal o f  a 
l i t t l e  cereb ro sp in a l f lu id :  and S ica rd  as showing th a t  drugs and se ra  
could be in troduced  s a fe ly  under the meninges f o r  ac tio n  on th e  
underly ing  nerve c e n tre s . He g iv e s  h is  ex p erien ces, f i r s t  upon a 
young man su ffe r in g  from osteo-sarcom a who recovered p a in le s s  movements 
o f  h is  le g s  f o r  n e a r ly  fo u r  hours a f te r  th e  in tra th e c a l  in je c tio n  o f  
cocaine. S truck by th i s  r e s u l t ,  he perform ed fo u r  o p e ra tio n s  on the 
le g s  and u te ru s  under in tra th e o a l cocaine. I t  is  o f te n  s ta te d  th a t  
T u ff ie r* s  work was independent o f th a t  o f  B ie r. This may w e ll be 
tru e ; bu t T u f f ie r  quotes B ie r ’s work, o f  which he was th e re fo re  aware 
a t  the t in e  o f  w ritin g  i f  no t a t  the tim e idien he f i r s t  gave sp in a l 
cocaine . T u f f ie r  concluded th a t fo r  big o p era tio n s  on the low er 
lim bs c o c a in isa tio n  o f  th e  cereb rosp ina l f lu i d  produced a harm less 
and e f fe c t iv e  an a lg esia ; but he was c a re fu l not to  o v e r-ra te  the 
method and had no in te n tio n  o f dethroning chloroform.
Babcock (1906) rep o rted  th a t  c e r ta in  undesirab le  fe a tu re s  o f 
chloroform  and e th e r  an aesth esia  had re su lte d  in  much e f f o r t  being 
spen t in  th e  p e rfe c tio n  o f  lo c a l and sp in a l an aes th es ia . He 
continued  th a t  some y ears  e a r l i e r  m edullary co ca in isa tio n  had had a 
wide vogue but had been abandoned by most of the surgeons who had 
used i t  on account o f  severe and prolonged headache, v e r tig o , nausea 
and vom iting, ** sometimes p e r s is te n t  — t h i r s t ,  p a lp i ta t io n ,  ( h i l l s ,  
fe v e r ,  h y p e ihyd rosis , c irc u la to ry  d is tu rb an ces , trem or, a ta x ia , 
r i g i d i t y  o f  th e  neck o r  o f  the e n tir e  back and more ra re ly  u rin a ry  
in co n tin en ce  and o th e r  p a ls ie s  and even death . He estim ated  th a t
th e  d ea th  r a te  was 1 in  200• S tu d ies  o f  the  ce reb ro sp in a l f lu id  had 
confirm ed th e  c l in ic a l  evidence th a t  cocaine produced a d i s t i n c t ,  
though p robab ly  t r a n s ie n t  and a se p tic , m en in g itis . I t  was l i t t l e  
wonder th a t many people  had abandoned i t .  But recen t advances, 
in c lu d in g  th e  in tro d u c tio n  o f  l e s s  to x ic  su b stan ces , the ad d itio n  
o f  agen ts to  lo c a l i s e  o r  prolong i t s  a c tio n  and g re a te r  accuracy in  
th e  d u ra l in je c t io n ,  had in c reased  i t s  e f fe c t iv e n e s s  and s a fe ty .
He recorded h is  experiences in  JS  c a se s , 65 o f  whom rece iv ed  
s to v a in e  and 11 a ly p in . In  5 cases the a n ae s th es ia  was in s u f f ic ie n t .  
One p a t ie n t  d ie d  fo llow ing  64  mg. o f  a ly p in . Babcock thought th a t  
th e  b e s t punctu re  s i t e  was th e  second lumbar in te rsp a c e  as low er 
punc tu res gave le s s  uniform  r e s u l t s ,  and he advised  the rap id  
in je c t io n  o f  two o r  more cc. o f  s to v a in e  w ith th e  ad d itio n  o f  
ad ren a lin e  to  prolong the  a c tio n . The s t r i c t e s t  a s e p tic  p recau tio n s  
must be observed. He thought " ra c h is to v a in is a tio n "  was more 
e f f ic ie n t  in  p rev en tin g  shock tha* the nerve-b lock ing  method o f  
G rile  and says "F in a lly  i t  may be mentioned th a t  the  e f f ic ie n c y  and 
r e l i a b i l i t y  o f  the  method develop w ith experience. With g re a te r  
p re o is io n  in  technique th e re  comes in c reas in g  confidence in  the 
advantages o f  th i s  form o f  a n a e s th e s ia ." How tru e  so many o f  
B abcock's s ta tem en ts  a re  today.
B arker (1906) in troduced  sp in a l an aes th es ia  to  England and a t  
th i s  tim e Jonnesoo was rev iv in g  i t  on the  C ontinent.
P itk in  (1928) described  a ttem pts a t  " c o n tro lla b le "  sp in a l 
a n ae s th e s ia  u sing  a so lu tio n  o f novocaine to  which g l ia  din o f  wheat 
was added. At the  tim e, th i s  was h a ile d  a s  a g re a t advance by such 
sta tem en ts  as "The whole o f  sp in a l an aesth esia  w il l  no t have to  be 
re -w r it te n " . P itk in  i s  a g re a t e n th u s ia s t and has w ritten  
e x te n s iv e ly . He makes claim s f o r  h is  method.
Howard-Jones (1930) made th e  next g re a t advance by the  
in tro d u c tio n  o f  a new drug, p e rc a in , in  h y perbaric  so lu tio n . H is 
work was m odified by E therington-W ilson (1933) who in troduced  a new 
technique w ith  the  p a t ie n t  in  the s i t t i n g  p o s it io n .
The most re c e n t innovation i s  th a t  o f  Lemmon (1939) *h© 
d esc rib ed  h i s  method o f  continuous sp in a l b lock by f r a c t io n a l  doses 
in tro d u ced  through a m alleable sp in a l need le  which was l e f t  in  s i tu .  
By th is  means, an ae s th es ia  could be prolonged as necessary .
Tuohy (1945) continued Lemmon's work, but used a u re te ra l  
c a th e te r  in s te a d  o f  a m etal needle .
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AMATOMI
GRAY’S "ANATOMY" s ta t e s  "The sp in a l cord occupies th e  upper 
tw o -th ird s  o f  the  v e r te b ra l canal* I t s  average le n g th  in  the  male 
i s  45 om*. I t  extends from th e  le v e l o f  th e  upper b o rder o f  the 
a t l a s  v e rte b ra  to  th a t  o f  the  low er border of the  f i r s t  lumbar 
v e r te b ra  o r  th e  upper bo rder o f  th e  second as a r u le ,  b u t i t s  
low er end may sometimes be found as h igh  as the lower b o rder o f th e  
tw e lf th  th o ra c ic  v e rteb ra  o r  as low as the upper bo rd er o f th e  th i r d  
lum bar vertebra* " T his low er border le v e l i s  o f  im portance, because 
w hile  i t  i s  p o ss ib le  to  perform  lumbar puncture a t any le v e l ,  the  
on ly  spaces th a t  are  r e a l ly  safe are th e  fo u rth  and f i f t h  lumbar 
in te rsp aces*  Eie th i r d  lumbar in te rsp ac e  i s  u su a lly  a lso  sa fe ; th a t  
i s ,  i t  c a r r ie s  l i t t l e  danger o f  cord  in ju ry . The end ta p e rs  o f f  
ra p id ly  in to  a co n ica l ex trem ity .
"The p o s itio n  o f  th e  sp in a l co rd  v a r ie s  a t d i f f e r e n t  s tag e s ; 
in  e a r ly  in t r a - u te r in e  l i f e  the  sp in a l cord  i s  as long as the  
v e r te b ra l  c a n a l, but a f te r  the embryo has a tta in e d  a leng th  o f 30 mm* 
th e  v e r te b ra l  column begins to  grow more ra p id ly  than th e  sp in a l 
oo rd , and th e  l a t t e r  g ra d u a lly  assumes a h ig h e r p o s i t io n  w ith in  th e  
v e r te b ra l  canal * . . . . *  so th a t  by the  tw e n ty -f if th  week th e  low er 
end o f  th e  sp in a l cord has ascended from the le v e l  o f th e  second 
coccygeal v e rteb ra  to  th a t  o f th e  th ird  lumbar v e rte b ra , i . e . ,  a 
d is ta n c e  o f  n ine segm ents, and th e re  remain but two segments befo re
th e  ad u lt p o s it io n  i s  reached (S tre e te r )  ...........  the nerve ro o ts
become more and more oblique in  d ir e c t io n ,  so th a t  in  th e  ad u lt the  
lumbar and s a c ra l  ro o ts  descend almost v e r t ic a l ly  to  reach t h e i r  
foram ina. The p o s it io n  o f the  sp in a l oord a lso  v a rie s  with th e  
movements o f  the v e r te b ra l ooltum, being ra is e d  s l ig h t ly  vhen the  
column i s  f le x e d . I t  enjoys t h i s  degree o f  m o b ility  beoause i t  
does no t occupy the whole o f the v e r te b ra l canal and is  ensheathed 
by th re e  p ro te c tiv e  menbranes sep ara ted  from each o th e r  by sp ac e s ."
The sp in a l dura m ater i s  a con tinuation  o f  the in n er o r  meningeal 
la y e r  o f  th e  c ra n ia l dura m ater and forms a loose sheath around th e  
sp in a l cord from th e  foramen? magnum to  th e  lower bo rder o f  th e  back 
o f  th e  coccyx. I t  i s  separa ted  from th e  w all of th e  v e rte b ra l canal 
by the  e x tra -d u ra l space vhich con tains a q u a n tity  o f  a re o la r  t i s s u e ,  
f a t  and a p lexus o f  ve in s. I t  is  im portant to  note th a t  th e se  veins 
are more marked a n te r io r ly ,  so th a t a bloody tap  i s  more l ik e ly  to  
a r is e  when the  need le  i s  driven  too f a r  forward. Between th e  d ira  
m ater and th e  sub jacen t arachnoid l i e s  the subdural space , a 
c a p i l la r y  in te rv a l  contain ing  a sm all q u an tity  o f  f lu id ,  p robably  
o f  th e  n a tu re  o f  lymph. The subdural space extends downwards to  th e  
le v e l  o f  the low er b o rder o f th e  second s a c ra l v e rte b ra , tfie re  the  
dura and arachnoid m ater blend w ith the f  ilum term inale  which is  the  
c o n tin u a tio n , downwards from the  conus m ed u lla ris , o f th e  p ia  m ater.
The arachnoid l i e s  below th e  subdural space. Separated from 
th e  p ia  m ater by th e  subarachnoid space which is  f i l l e d  w ith 
ce reb ro sp in a l f lu id ,  the  arachnoid m ater surrounds the c ra n ia l and
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s p in a l nerves and encloses them in  loose  sheaths as f a r  as t h e i r
p o in ts  o f e x i t  from the  s k u ll and v e r te b ra l can a l. I t  in v e s ts  the
sp in a l co rd  lo o se ly . Below, i t  widens o u t, in v e s ts  the oauda
equina and ends as d esc rib ed  a t th e  lower b o rd e r o f  th e  second s a o ra l
v e rte b ra .
The practiced, p o in ts  th a t  emerge from th e  above are  th a t  the 
segments o f  th e  cord  corresponding to  the s p in a l nerves a re  p laoed  
h ig h e r above the corresponding v e rte b ra l body o r  spinous p ro cess  as 
they  pass  downwards u n t i l  th e  lumbar and sa c ra l segments are d o s e ly  
p laced  to g e th e r , r e la t iv e ly ,  a t the  lower end of th e  cord; the 
h ig h e s t space th a t may be s a f e ly  s e le c te d  f o r  lumbar punctu re  with 
Minimal r i s k  o f damaging the  cord o r  cauda equina i s  th e  th i r d  lum bar 
in te rsp a c e . The fo u rth  lumbar in te rsp ac e  i s  probab ly  the e a s ie s t  one 
to  choose f o r  puncture; in  in f a n ts ,  the  fo u r th  o r f i f t h  lum bar 
in te rsp a c e  should be se le c te d .
Pease (1935) s ta te s  th a t  the  p o s te r io r  d iso  w all bulges s l ig h t ly  
end e s p e c ia l ly  i f  the spine i s  f le x e d , w ith  r e s u lt in g  in c reased  
p re s su re  w ith in  the  d is c . He th in k s  th a t iU the cadaver i t  is  
d i f f i c u l t  to  know whether th e  d is c  has been s tru c k  o r  no t and th a t  
i t  i s  easy  to  h i t  the d is c ,  the v e rteb ra , th e  in te r a r t i c u l a r  fa c e t  
o r  even th e  venous s in u so id s  in  the  v e rteb ra l body.
But to  give s a tis fa o to x y  sp in a l an aesth esia  i t  i s  n ecessa ry  
t© know sensory  le v e ls  on th e  su rfa ce  and in  the v is c e ra , and the  
sp in a l segments th a t supply  the m uscles. F o r example, in g u in a l 
herniotom y i s  p a in le ss  i f  the  an aes th es ia  reaches th e  le v e l of "the 
tw e lf th  th o ra c ic  segment, bu t th e  o p era tio n  i s  much e a s ie r  i f  the  
m uscular p a ra ly s is  i s  fo u r o r  even s ix  segments h ig h er.
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Like anatomy, physio logy is  im portant to  the  sp inal a n a e s th e tis t  
and i t  i s  wise f o r  him to  have a d e a r  g rasp  o f  a t l e a s t  the  cerebro ­
s p in a l  f l u i d ,  th e  f a c to rs  governing re s p ira t io n  and th e  co n tro l o f  
b lo o d -p re ssu re , th e  e f f e c t s  o f  a sp in a l a n a e s th e tic  agent upon various 
b o d ily  fu n c tio n s , and th e  nerve supply to  those s tru c tu re s  th a t  not 
on ly  p ro v id e  tone to  s k e le ta l  musole, but supply th e  hormones concerned 
w ith  th e  p ro cesses  of l iv in g .  Before one can app recia te  th e  abnormal, 
one must f i r s t  o f  a l l  a p p rec ia te  th e  normal.
"The ce reb ro -sp in a l f lu id  is  c le a r ,  o d o u r le s s  and a lk a l in e .
T his l a s t  p ro p e rty  i s  of importance since  i t  has been shown th a t  
a lk a l ie s  alone can f i x  a sp in a l an ae s th e tic  so lu tio n . The normal c e l l  
oount i s  up to  f iv e  lymphocytes p e r  c.mm. • I t s  g en era l composition 
i s  l i k e  th a t  o f  p ro te in - f re e  plasm a, bu t th e re  are  s ig n if ic a n t  
d if fe re n c e s  in  th e  co n cen tra tion  o f  th e  d if f e r e n t  o ry s ta l lo id  
c o n s ti tu e n ts . The average values fo r  i t s  main c o n s ti tu e n ts  (in  ng. 
p e r  100 c c .)  a re  as fo llow s (th e  f ig u re s  in  b rack e ts  are those f o r  
p lasm a): Na, 334 (330); K 10.6 (17-) Ca. 5*3 (1 0 .3 ); 01.436 (365) ;
H003, 105 (150); B04, 1 .8  (3 .0 ) ;  S04, 0 .6  (1 .9 ) ; g lu co se , 70 (100).
The p ro te in  con ten t i s  m inute, i . e .  0.0<$ (plasm a, 8 .0  gm .), eq u a lly  
d is t r ib u te d  between albumin and g lo b u lin . The in t r a v e n t r ic u la r  
f lu id  i s  p robab ly  f r e e  from c e l l s  and p ro te in ; th ese  may be added to  
th e  f lu i d  in  th e  subarachnoid space by exudation from the  meningeal 
b lo o d -v e sse ls . The to t a l  volume o f  1he cereb rosp ina l f lu id  i s  ( in  
man) 100 to  150 c c . .  When free  escape i s  allowed to  the  e x te r io r ,  
the  r a te  o f  form ation i s  20 cc. p e r  hour, o r  about 500 cc. p e r  day . .
...................... i t  i s  formed by th e  choro idp lexuses, e sp e c ia lly  by the
la rg e  p lex u ses  which are found in  the  l a t e r a l  v e n tr ic le s   ...............
in  view o f  a l l  the  (above) ev idence, the  form ation o f  cereb rosp ina l 
f l u i d  must be regarded as a process o f sec re tio n ; i t  is  a f fe c te d , 
however, by a l te ra t io n s  in  th e  physico-chem ical r e la t io n s  in  the  
plasma and in  th e  c e reb ra l v e n tr ic le s . The s p e c if ic  g ra v ity  v a rie s  
from 1 ,004  to  1,010. The p re ssu re  is  about 110 to  140 ran. o f  w ater.
Weed (1922) showed th a t  absorp tion  o f  cereb ro sp in a l f l u i d  takes 
p la c e  m ainly v ia  th e  arachnoid v i l l i  in to  th e  dura l venous s in u se s , 
though a l i t t l e  may pass in to  th e  p e riv a sc u la r  spaces. B urford  (1942) 
th in k s  th i s  does n o t apply to  sp in a l a n a e s th e tic  drugs when in je c te d  
in to  th e  lumbar area  because they do not reach th e  o is te rn a  c e re b e llo -  
m ed u lla ris  in  e f fe c t iv e  q u a n tit ie s . I f  absorp tion  of th e se  does take 
p la c e , i t  p robab ly  does so n ear the s i t e  o f  in je c tio n . He quotes 
Blman as showing the p resence o f  sp in a l arachnoid v i l l i  o r c e l l  
c lu s te r s  and a t  the subsracnoid  angles th e  same m orlhological scale 
o f s p in a l segmental veins analogous w ith the c ra n ia l venous s in u ses .
But even man m in im ise  a th e  importance o f  absorption by th is  ro u te . 
C ath e lin  ihoug^it f lu id s  went along the  nerves in  a p ro longation  o f  
the subarachnoid space. Such com m unication along the nerve has no t
been proved though Weed thought i t  could occur* w ithout an open 
communication. AsJ? th e  v e sse ls  oross th e  subaraohnoid space they  
c a r ry  w ith  them in to  th e  nerve tis su e  a double la y e r  o f  covering 
-  th e  p e r iv a sc u la r  as arachno id , the o th e r  o r p e r i a r t e r i a l  as p ia .  
Between th e se  i s  a c u f f - l ik e  p e r iv a sc u la r  subarachnoid space con­
ta in in g  ce reb ro -sp in a l f lu id :  going inward to  th e  c a p i l la r y  
re g io n , i t  goes deep in to  th e  nerve substance and may p o s s ib ly  
fu n c tio n  in  p lao e  o f  a tru e  lym phatic system which is  absent in  
th e  c e n tra l  nervous system. In  th e  p re -c a p i l la r y  region i t  i s  
b e liev ed  to  be confluen t w ith the p e rin eu ro n a l space. Wallaoe 
and B rodie (1936) confirm ed i t s  im portance.
Can sp in a l an ae s th e tic  f lu id  e n te r  the blood-stream ? Jones 
(1931) thought i t  could and s ta te d  "The dosage o f  procaine is  so 
higjh th a t  the  amount absorbed in to  the  b lood-stream  causes a 
g en era l a n a e s th e tic  s ta te ;  and the itc h in g  and drow siness and 
s tu p id i ty  o f  th e  p a tie n t  is  evidence o f  the c ir c u la t in g  drug 
a c tin g  upon th e  sk in  and c o r t ic a l  c e l l s  o f the cerebrum. Vomiting 
i s  due to  s tim u la tio n  o f  the  vomiting cen tre  by poison. " I  
cannot agree w ith  Jones and f e e l  th a t  i f  sp in a l an ae s th e tic s  e n te r  
th e  blood they  can do so only  through the medium o f a punctured 
v e sse l. Much g re a te r  q u a n tit ie s  are  given lo c a l ly ,  and unless 
ab so rp tio n  to  th e  blood stream  occurs more re a d ily  from the cerebro­
s p in a l  f lu id  than from, say th e  subcutaneous t i s s u e s ,  to x ic  e f f e c ts  
a re  more l ik e ly  to  fo llow  lo c a l in je c tio n . H i l l  (1935) says th a t  
10  ng. o f  p roca ine  in je c te d  in to  the c is te rn s  magna o f  a c a t  w il l  
r e s u l t  in  death  from re s p ira to ry  p a ra ly s is  in  one and a h a lf  
m inutes; bu t i t  tak es  180 mg. in je c te d  in trav en o u sly  a t  the  r a t e  
o f  7i  mg. p e r  m inute to  p a ra ly se  th e  re s p ira to ry  cen tre ; and he 
concludes th a t  re s p ira to ry  p a ra ly s is  i s  no t due to  action  on th e  
bulb  a f t e r  absorp tion  o f the an ae s th e tic  in to  th e  blood-stream .
I  have fre q u e n tly  used as much as 900 mg. o f  p rocaine  lo c a l ly ,  
f o r  example in  th o ra c o p la s ty , w ithout i l l  r e s u l t s .
F lu id  mechanics in  th e  cereb ro -sp in a l space
( l ^ s '
Lund and Caraeron/discussed the  fa o to rs  determ ining spread  o f 
th e  f lu id  a f t e r  in je c t io n . These are the  fo rc e  o f in je c t io n ,  the  
d is tu rb a n ce  produced by barbotage and the e f f e c t  o f g ra v ity . The 
l a s t  i s  checked by the  abso rp tive  a f f i n i t y  o f  nerve t is s u e  f o r  
th e  drug and is  governed by two p rocesses which a re  e a s i ly  c o n tro lle d , 
th e  d if fe re n c e  in  s p e c if ic  g ra v ity  and th e  s i t e  o f  in tro d u c tio n  in to  
the  c e reb ro -sp in a l f lu id .  They consider Hi a t the ra te  o f  fLow o f  
c e reb ro -sp in a l f lu id  is  so s lugg ish  as to  ren d e r i t  w ithout 
in f lu e n c e . Barbotage i s  d i f f i c u l t  to  c o n tro l. They do no t favour 
heavy s o lu tio n s  as they  th in k  the  head f le x io n  then necessary  f o r  
f iv e  to  twenty minutes follow ing in je c tio n  is  not s u i ta b le  f o r  
p a t ie n ts  who are  shocked o r  exsanguinated o r  who have a low blood— 
p re ssu re ; and, moreover, the  accentuated sp in a l curves necessary
irtien u s in g  h y p e rb a ric  s o lu tio n s  tends to  "pool" the  s o lu tio n , g iv ing  
u n p re d ic tab le  le v e ls  o f an a lg es ia . For some reason  th ey  add th a t  
much time i s  w asted w ith  heavy so lu tio n s  "when p a t ie n ts  re q u ire  
o p e ra tio n s  on t h e i r  d o rsa l aspects s in ce  th e  p o s te r io r  sensory  ro o ts  
must be f ix e d  b efo re  p la c in g  the  p a t ie n t  prone".
( 1936)
V ehrs^ th inks th a t th e  "tuggingf ac tio n  o f  th e  sm all v e sse ls  has 
some e f f e c t  on spread. This i s  beyond the  c o n tro l o f  the a n a e s th e tis t .
I t  i s ,  o f co u rse ,a  common experience o f  a l l  who give sp in a l 
a n a e s th e tic s  th a t th e  agent soon becomes f ix e d . This is  e a s i ly  and 
c le a r ly  shown by the f a c t  th a t  about ten  minutes a f t e r  in je c t io n ,  no 
change in  p o s it io n  w ill  a l t e r  the le v e l  o f  an ae s th e s ia . Such 
f ix a t io n  cannot occu r in  mock sp in a l an aes th es ia  experim ents. But 
t h i s  does n o t in v a lid a te  the conclusions regard ing  th e  ra te  o f  
sp read  a rr iv e d  a t by Wilson follow ing h is  experim ents. Indeed Wilson 
has ap p lied  h i s  r e s u l ts  in  h is  p ra c t ic e ,  and, w hile he may have 
a l te r e d  h is  tim e perio d s  s l ig h t ly ,  h is  work shows th a t the  sp read  
r a te  in  the  human su b jec t approximates very c lo se ly  th a t  o ccu rrin g  
in  mock experim ents using  coloured s o lu tio n s .
E f fe c ts  o f d ilu tio n
F is h e r  and W hitacre (1947) s tud ied  the  e f fe c t  in  1 ,124 p a t ie n ts ,  
o f  in je c t in g  nupercaine in  d i lu t io n s  g re a te r  than 1 :1 ,500. He used 
such d i lu t io n s  f o r  th e  p roduction  of sp in a l an aesth esia  from 1:2 ,000 
to  1 :10,000 and concluded th a t  co n cen tra tion  d id  n o t a f fe c t  the 
degree o r  d u ra tio n  o f  sensory o r  motor b lock, o r  the incidence and 
s e v e r i ty  o f  c irc u la to ry  re a c tio n . The to x ic i ty  seemed to depend 
more on th e  amount than on the  con cen tra tio n  and th e re  is  no 
advantage in  using weaker s o lu tio n s .
S p e c if ic  g ra v ity  o f  d i f f e r e n t  so lu tio n s  o f  a n a e s th e tic  agents
JONES (1930) quotes a u th o r i ta t iv e  s p e c if ic  g r a v i t ie s  o f d i f f e r e n t  
so lu tio n s  as estim ated  by Norman Evers, C hief Chemist to  M essrs.
A llen  and Hanbury’s .  At 35*5 C ., th ese  are as fo llo w s :-
1- 1,000  1- 1,500  1- 2,000
In  w a te r 1.0001 1.00005 1.00005
In  0 .5$  N a d . 1.0035 1.00345 1.00345
In  O.99& N a d . 1.0062 1.0061 1.0061
and s t a t e s  th a t  the  v a r ia tio n  in  th e  s p e c if ic  g ra v ity  o f  the  cerebro­
s p in a l f lu id  renders i t  im possible to  be c e r ta in  vtaether a g iven  
so lu tio n  w il l  be iso b a r ic .
The same w r i te r  s ta t e s  th a t  1Q$ procaine in  w ater i s  h y p e rb a ric ,
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hav ing  a sp e o if io  g ra v ity  o f  1*017•
The f i r s t  so lu tio n  I  had p repared  f o r  me was o f  p ro ca in e  1 $  
in  w a te r in  ampoules each co n ta in in g  1 cc. T h is  has a s p e c if ic  
g ra v ity  o f
Whatever so lu tio n  i s  being used, the ad m in is tra to r  must be 
q u ite  d e a r  about i t s  s p e c if ic  g rav ity*  I  do no t agree w ith  th e  
use o f  s o -c a lle d  is o b a r io  s o lu tio n s  and agree th a t  such a so lu tio n  
f o r  ro u tin e  use i s  im possib le  o f  de te rm in a tio n . Even i f  i t  were 
p o s s ib le , I  s t i l l  th in k  th a t  th e  spread should be dependent upon 
a d if fe re n c e  in  s p e c if ic  g ra v ity  between th e  agent and the  c e reb ro ­
sp in a l f lu id .  Whether th e  a n aes th e tic  so lu tio n  is  hypo- o r  hyper­
b a r ic  i s  p u re ly  a m a tte r  o f in d iv id u a l p re fe ren ce  and co n v ic tio n . 
The e s s e n t ia l  i s  to  a p p rec ia te  vhat i s  happening to  th e  so lu tio n  
a f t e r  Jo in in g  w ith th e  sp in a l f lu id .  Wilson (1934) ob jected  to  
so lu tio n s  co n ta in in g  alcohol as he thought th is  c rea ted  uncon­
t r o l l a b le  c u rre n ts . In  a l a t e r  communication he (1945) s ta t e s  
th a t  he th in k s  th i s  condemnation was wrong, thou#i even then he 
s t i l l  thought they  were "not s a fe  used ig n o ran tly * . L a te r  on I  
propose to  take  Wilson*s technique w ith hypobaric  s o lu tio n s  and 
compare i t  w ith  ray techn ique using  h yperbaric  so lu tio n s .
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Boyd (1936) in v e s tig a te d  th e  urea n itro g en  con ten t o f  th e  blood 
fo llow ing  an ae s th e s ia  and s t a t e s  th a t  th e  average r i s e  was no g re a te r  
than  th e  d a i ly  v a r ia t io n s  in  co n tro ls  but th a t  a g re a te r  p ercen tage  
shows th i s  in c re a se  a f t e r  g en era l than a f t e r  sp in a l anaesthesia*
A llen  and L iv ingstone  (1940) in v e s tig a te d  the  e a r ly  p o s t­
o p e ra tiv e  reduction  o f  prothrom bin in  the  jaundiced  and b i l i a r y -  
f i s t u l a  p a t i e n t ,  w ith  sp ec ia l re fe ren ce  to  th e  a n a e s th e tic s  used. 
Compared w ith  o th e r  p a t ie n ts ,  these  show a f a l l  bu t th e  a n a e s th e tic  
p l^ys no p a r t  in  i t s  cau sa tio n . T h e ir  p a t ie n ts  received  sp in a l and 
various g en e ra l a n a e s th e tic s .
(1344)
B e llis^ q u o te s  Sherring ton  "The p o s tu ra l tone o f  the b lad d er 
keeps the  in tr a v e s ic a l  p re ssu re  normal as i t  f i l l s .  M But the 
p re ssu re  in c re a se s  ra p id ly  in  acute  u rin a ry  re te n tio n  w ith r e s u lt in g  
damage due to  a ttem pts to  void causing considerab le  r i s e s  in  
in t r a v e s ic a l  te n s io n . He quotes Creevy as saying th a t p o s t-o p e ra tiv e  
re te n tio n  o f  u rin e  is  due to  the  h o riz o n ta l p o s tu re , the  p a in  o f  
in ju re d  t i s s u e s  and th e  e f f e c t s  o f  d rugs, f o r  exanple o p ia te s  and th e  
a n a e s th e tic . He makes no re fe ren ce  to  the Hoonditioned r e f le x ” p a r t  
in  m ic tu r it io n . D isturbances o f  the c e n tra l nervous system a f f e c t  
b lad d e r sen sa tio n  and i t s  vo lun tary  co n tro l. He c a r r ie d  ou t 
cystom etry a f t e r  sp in a l an aes th es ia  and says th e re  i s  a re s id u a l 
b lad d e r-w a ll in s e n s i t iv i ty  w ith decreased v e s ic a l tone. C ho linerg ic  
vago trop ic  and parasym pathetico-m im etic d rugs, ” running w a ter” e tc . 
m erely cause evacuation  by overflow . These r e s u l ts  suggest the 
d e s i r a b i l i t y  o f  pass in g  a w e ll- lu b r ic a te d  s t e r i l e  c a th e te r  w ith in  
a t  most s ix  hours a f te r  the  l a s t  emptying time fo r  a p e rio d  o f 
tw en ty -fo u r hours u n t i l  normal b lad d er re f le x e s  a re  re -e s ta b lis h e d .
CIRCULATORY CHANGES
R ovenstine e t  a l i a  ( 1942) adm inistered 100-250  mg. o f  p roca ine  
in  10ft s o lu tio n  to  seven su b jec ts  #10 were then pu t in  th e  supine 
p o s it io n  and underwent no opera tion  o r  m anipulation. Only th re e  o f  
them showed a decrease o f  p e rip h e ra l re s is ta n c e  and in  two o f  th ese  
the decrease amounted to  only 12ft. In  the  rem aining fo u r , maintenance 
o f a r t e r i a l  tone was shown by la ck  o f  such decrease . Of these foux^ 
two showed a d ecrease  in  mean a r t e r i a l  p re ssu re  a t t r ib u ta b le  to  a 
decrease  in  c a rd iac  ou t—p u t. One showed an increase  in  mean a r t e r i a l  
p re ssu re  o f  22ft w ith a decrease  o f  iGft in  the  card iac  o u t-p u t and 
one showed no change in  any form. In  on ly  two oases d id  nausea and 
vom iting occur and th ese  showed a s ig n if ic a n t f a l l  in  blood p re ssu re . 
E lev a tio n  o f  the  tru n k  from twenty to  f i f t y  degrees caused a rap id  
and marked f a l l  in  blood p re ssu re , accompanied by fa in tn e s s ,  ^ lio h  
d isap p eared  w ith the  r e s to ra t io n  to  th e  supine p o s it io n . They 
conclude th a t  sym pathetic v a so -c o n s tr ic to r  f ib r e s  are e f f e c t iv e ly
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a n ae th e tised  and th a t  th e re  i s  l i t t l e  i f  any to n ic  a c t i v i ty  in  the 
th o rac ic -lu m b ar c o n s tr ic to r  nerves except th o se  to  the sk in  which 
th ey  co n sid e r o f  r e la t iv e ly  l i t t l e  in po rtance . They b e liev e  th a t  
traum a, haem orrhage, anoxia, the weight o f  instrum ents o r  paoks on 
the  abdomen, combined w ith p o s tu re , c o n tr ib u te  to  a p ro g ress iv e  
red u c tio n  in  venous p re s su re  re s u lt in g  in  c irc u la to ry  embarrassment*
F o s te r  e t  a l i a  (1945) in v e s tig a te d  the  p e rip h e ra l c ir c u la t io n  
in  a n a e s th e s ia , shock and haemorrhage, using  the  d ig i ta l  p le thysograph. 
S p in a l and reg io n a l an aes th es ia  produce v a so -d ils ta tio n  in  the anaes­
th e t is e d  a rea  w ith concom itant v a so -c o n s tr ic tio n  in  the un an aesth e tised  
area* F a ilu re  o f  th e  v a so -c o n s tr ic to rs  is  accompanied by hypotension , 
in  urtiich ephedrine a c ts  by re s to r in g  c o n s tr ic t io n  in  the  
u n an aes th e tised  a re a s , th e  an aes th e tised  a reas  showing no re tu rn  o f  
tone. In  some cases o f reduced b lood -p ressu re  under sp in a l 
a n a e s th e s ia , i t  appeared th a t dim inished c a rd iac  ou tpu t was responsi­
b le  f o r  th e  hypotension. They emphasise th e  poor to le ra n ce  towards 
shock and haemorrhage ex h ib ited  by the  p a t ie n t  under sp in a l 
an ae s th e s ia .
Gregory (194-6) e t  a l i a  say th a t  in h y p e rte n s iv e s , the f a l l  in  
re n a l fu n c tio n  is  r e la te d  to  the f a l l  in  blood p re ssu re  fo llow ing  in  
s p in a l a n ae s th es ia .
Gregory and Levin (1945) b e liev ed  th a t the  g re a t f a l l  in  blood 
p re s su re  fo llow ing  sp in a l an aes th es ia  in  h y p ertensives i s  due to  
in c re a se d  vaso-motor to n u s, even in  p a tie n ts  w ith  extrem es 
i r r e v e r s ib le  a r t e r io l a r  d isease  as shown by chemical and c l in ic a l  
evidence o f  uraem ia. This is  co n tra ry  to  the th e s is  th a t th e  fa l l e n  
blood p re s su re  in  hypertension  produced by fu n c tio n a l o r  anatom ical 
in te r ru p t io n  o f  the sym pathetic nervous system is  due to  improvement 
in  ren a l blood flow.
Doud and R ovenstine (1940) in v e s tig a te d  ohanges in  the v e lo c ity  
o f  th e  blood flow  during sp in a l anaesthesia  by a p u re ly  su b je c tiv e  
t e s t  in  which they  to ld  the  p a t ie n t  what to  e rp ec t and in s tru c te d  him 
to  re p o r t  th e  fe e lin g  o f  warmth a t each s i t e  immediately. There 
were 98 s tu d ie s  o f  which 59 were c o n tro ls . They concluded th a t  
sp in a l an aes th es ia  above the s ix th  th o ra c ic  segment in c reases  both 
a normal and a prolonged c irc u la t io n  time and say th a t  the t e s t  i s  
o f  value in  s e le c tin g  p a t ie n ts  fo r  high an aesth esia . Sensory 
an ae s th e s ia  below th e  s ix th  th o rac ic  segment had l i t t l e  e f fe c t  on 
the  v e lo c i ty  o f  e i th e r  group. They b e liev e  th a t  the p ro longation  
time i s  due p r in c ip a l ly  to  a decrease in  ca rd iac  ou tpu t. Ephedrine 
i s  e f fe c t iv e  in  re s to r in g  th e  c irc u la tio n  time prolonged by high 
s p in a l a n ae s th es ia .
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MODE OF ACTION OF LOCAL ANAESTHETICS
HE13G3R (194^) says th a t lo c a l a n a e s th e tic  agen ts are h ig h ly  
l ip o id - s o lu b le  a lk a lo id s . T h e ir  n o n - i r r i ta n t  w a te r-so lu b le  s a l t s  
are used f o r  in je c t io n . The s l ig h t  a lk a l in i ty  o f  th e  t i s s u e  
f lu id s  is  b e liev ed  to  hydrolyse th ese  s a l t s  and the  r e s u lt in g  
a lk a lo id a l bases are taken up by the l ip o id s  in  nerve t is s u e .  
Another f a c to r  i s  probab ly  th e  io n is a tio n  of th e  a lk a lo id a l s a l t  
Trtiich produces an ion o f  the  an a lg esic  base having a p o s i t iv e  
charge which i s  taken up by the  nerve s t ru o tu re  whioh has a 
n eg a tiv e  e l e c t r i c a l  charge. The e f f e c t  on the  nerve is  com plete 
d ep ression  w ithou t p rev ious s tim u la tio n . But th e  depression  i s  n o t 
uniform . F or example, in  mixed nerves the sensory  f ib r e s  a re  
a ffe c te d  b e fo re  the motor ones, the o rd e r f o r  lo s s  o f fu n c tio n  
being  f i r s t  v a so -c o n s tr ic tio n , then tem perature followed by p a in  
and touch and l a s t l y  jo in t  and p re ssu re  se n sa tio n . In  an im als, 
th i s  corresponds to  th e  th ickness of the n y e lin  sheath  o f th e  
various f ib r e s .  I t  has been shown th a t  an e a r ly  prim ary 
degenera tion  occurs in  th e  nerve f ib re s  in  co n tac t w ith an 
an a lg esic  s o lu tio n . This s t a r t s  in  the ax is  cy lin d e r and extends 
to  th e  m yelin shea th . The p rocess i s  norm ally re v e rs ib le  and i t s  
degree oan be taken as an index o f  the  lo c a l to x ic i ty  o f the agent 
employed. I f  th i s  i s  done, oocaine, p roca ine  and s to v a in e  show 
up b e s t. The first-nam ed  agent i s ,  however, not su ita b le  f o r  
in je c t io n  pu iposes on account o f  i t s  high genera l to x ic i ty .
TSHITACRE (1944) re p o rted  on in v e s t ig a tio n s  to  c o r re la te  th e  
lo c a l a n a e s th e tic  potency o f  a compound with the concen tra tion  
o f  the  s o lu tio n , w ith f a t  and l ip o id  s o lu b i l i ty ,  w ith JH v a lu es , 
w ith o il-w a te r  d is t r ib u t io n  c o -e f f ic ie n t ,  and w ith su rface  te n s io n  
low ering a t an o i l-w a te r  in te r fa c e . The r e s u l ts  o f  th ese  s tu d ie s  
in d ic a te d  th a t  th e  prim ary e f f e c t  in  lo ca l anaesth esia  i s  absozption 
o f th e  a n ae s th e tis in g  oonpound by the f a t t y  o r  l ip o id  p o rtio n  o f  
the nerve f ib r e .  I t  i s  f u r th e r  proposed th a t ,  follow ing absozp tion , 
th e  lo c a l a n ae s th e tic  re v e rs ib ly  coagulates th e  nerve c o llo id s  and 
p ro te in s ,  decreases pezm aab ility  o f  the nerve f ib r e  to  water and 
io n s , and d ecreases the  e le c t r i c a l  c o n d ic t iv ity  of the  nerv e , 
re s u l t in g  in  lo c a l is e d  temporary p a ra ly s is  o f the  sensory  nervous 
system  (H irsch fe ld e r and B ie te r  -  1932)•
ADRIANI (1946) s ta te s  th a t lo c a l an aesth esia  agents must be 
p re se n t in  considerab ly  high®** concen tra tion  in  the  nerve c e l l s  to  
produce anaesthesia  than the general a n ae s th e tic  drugs. They are  
th e re fo re  s a fe ly  app lied  only lo c a lly . The fa c to rs  in flu en c in g  
th e  in te n s i ty  and d u ra tion  o f an aesthesia  are  the chemical n a tu re  
o f  th e  ag en ts , the d u ra tio n  o f  i t s  con tac t with the  nerve c e l l ,  
th e  co n cen tra tio n  o f  the drug and th e  s iz e  o f the f ib r e .
A naesthesia  v a rie s  in v e rse ly  w ith th e  square ro o t o f  the 
tim e the drug is  in  con tac t w ith the surface o f  the exposed nerve 
c e l l  o r  f ib r e :  and i t s  in te n s i ty  v a rie s  in v e rse ly  with th e  log  
o f  th e  square ro o t o f  concen tra tion . Large f ib re s  a re  the l a s t  to
be a n a e s th e tise d  in  the  sp in a l can a l. The zu le  i s  th a t  the sensory  
f ib r e s  o f  the ro o t are  an ae s th e tise d  f i r s t ,  then the  sym pathetic 
f ib r e s  and l a s t l y  th e  motor f ib r e s .  The motor f ib r e s  are  s a id  to  
recover f i r s t ,  and th e  sensor-y second o r  w ith the  sym pathetic .
There i s  some evidence th a t  th e  sym pathetics a re  a n ae s th e tise d  
f i r s t .
S a m o ff  e t  a l i a  (1948) in v e s tig a te d  in te s t in a l  d y sk in e s ia , 
co lon ic  a tony , and v is c e ra l  a f fe re n t f ib r e s  by the subarachnoid 
in je c t io n  o f  la rg e  q u a n tit ie s  o f  p rocaine  in  weak so lu tio n  (0 .« ^ ) . 
They conclude th a t  th e  v is c e ra l  a f fe re n t f ib r e s  are l a r g e r  and 
more h e a v ily  n y e lin a ted  than th e  v iscero-m otor and o th e r  
sym pathetic e f fe re n ts  Triiich appear to  be about the same s iz e  and 
degree o f  m yelination .
R ichards (1947) s ta t e s  th a t  most a n ae s th e tic s  a re  d e to x ica ted  
by the l i v e r .  H epatic  damage i s  known g re a t ly  to  r e ta rd  th e  de­
s tru c t io n  o f  p ro ca in e . He d esc rib e s  the r e s u l ts  of experim ents 
to  determ ine th e  convulsive ac tio n  o f  p roca ine  in  g u in e a -p ig s , 
using  normal su b jec ts  and ones d e f ic ie n t in  vitan&n-C; and a lso  
th e  e f fe c tiv e n e s s  o f g iv in g  asco rb ic  ac id  to  those d e f ic ie n t ,  to  
reduce convulsions. He found th a t  100 mg. p e r  k i lo , o f body 
w eight had  no e f f e c t ,  bu t 250  mg. p e r  k i l o . , given th ree  hours 
p re v io u s ly , re s to re d  normal s e n s i t iv i ty  in  d ep le ted  anim als. He 
su g g es ts  th a t  a l ib e r a l  d ie t  w ith vitam in-C and dex tro se  may h e lp  
to  d im in ish  dangerous to x ic  s id e - e f fe o ts ,  e sp e c ia lly  in  p a t ie n ts  
in  poor n u t r i t io n a l  cond ition .
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Schmidt (1945), d isouaaing  dyspnoea as produoed in te n t io n a l ly  
in  normal su b je c ts  in  th e  la b o ra to ry  o r  as encountered in  the  course
o f d is e a s e ,  p o in ts  out th a t  i t  is  due much more to  new o r  augmented
r e f le x  in flu en ce  than to  in c reased  s tim u la tio n  o f the  re s p ira to ry  
c en tre s  by the chemical p roducts o f  metabolism. .A naesthetics 
dim inish th e  r e a c t iv i ty  o f the  cen tre  to  chemical s tim u li but th is  
i s  cou n terac ted  by re f le x  f a c to r s .  I f  i t  i s  n o t, then re s p ira to ry  
f a i l u r e  i s  l ik e ly  to  be a conspicuous phenomenon o f  the  an ae s th e tic  
p ro c e ss .
McGann (1947) compares Haldane’ s chemioal c o n tro l of 
r e s p ira t io n  w ith th e  more recen t id eas  o f  neurogenic co n tro l as 
d e sc rib ed  by Heymans. With pnuemograms, he d iscu sses  the  r e s p ira to ry  
and e x p ira to ry  e f f o r t  and shows th a t  th e re  is  segmental re s p ira to ry
response id e n t ic a l  in  both the  som atic and v is c e ra l  zones in  each
segm ental a rea  -  cep h a lic , o e rv ic a l, d o rs a l , lumbar, and s a o ra l .
The response to  trauma i s  w ell seen in  p en to th a l but n o t under lo o a l 
Gt  s p in a l an aes th es ia . In  the  th o ra c ic  zone, i t  may a r is e  from the  
sk in  in c is io n  o r  from tra c t io n  on the  stomach. In  any given 
segment th e  response p a tte rn  is  the same, w hether s t im u li  oocur in  
th e  v is c e ra l  o r  in  th e  som atic p lan e .
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THE RESULTS OP EXPERIMENTAL INJECTION
HHOCK e t  a l i a  (193$) quote TOSSILDO (1908) as say ing  th a t  in  
r a b b i ts  th e  in je c t io n  o f  an ae s th e tic  agents is  follow ed by ohnoma- 
t o ly s i s  and sw e llin g  o f c e l l s ;  indeed , few normal c e l l s  are seen in  
th e  a n te r io r  horns a f t e r  two hours. R eturn to  normal was ev id en t 
in  s ix  hours and was complete in  tw en ty -fou r h o u rs , which shows 
th a t  th e  changes a re  re a d ily  re v e rs ib le  and recovery i s  rap id  and 
c o u p le te . Unhappily, th i s  i s  not always t r u e ,  as w ill  be shown 
when th e  com plications o f sp in a l an aesth esia  are d iscussed .
Changes in  th e  ce reb ro -sp in a l f l u i d
Iason  e t  a l i a  ( 1930) examined th e  sp in a l f lu id  in  th ir ty -o n e  
oases 18 hours fo llow ing  sp in a l an aes th es ia . T h e ir r e s u l ts  a re  
confusing* They s t a t e  th a t  in  seventeen o f  th e se  no exam ination 
was c a r r ie d  o u t because th e re  was blood in  the  ce reb ro -sp in a l 
f lu id .  Of th e  remaining fo u r te e n , eleven showed p le o c y to s is , one 
being  o f  polym orphonuclear type and the rem aining ten  o f  
lym phocytic ty p e . They go on to  say  th a t  in  twenty oases the 
b lood sugar was ra is e d  bu t th e re  was no change in  th e  albumin, 
g lo b u lin  o r  c o llo id a l  gold ourves. From t h e i r  f ig u r e s ,  i t  is  
obvious th a t  blood sugar e stim atio n s  were done in  a t  l e a s t  s ix  
oases who had blood in  th e  sp in a l flu id*  This i s  an exanple o f 
work th a t ,  i f  w r i t te n , should not be afforded  pub lica tion*  People 
who cannot perform  lumbar puncture  w ithout drawing blood except 
vexy r a re ly  indeed should no t g iv e  in tra th e c a l in je c t io n s  u n t i l  
th ey  f i r s t  le a rn  th e  simple technique o f  the puncture* .
B lack (1947) g ives the  fo llow ing f ig u re s  in
No. o f  cases P ro te in C ell count Sugar
I 'a s : !
C ontrols 75 31*8 normal 71
S.A* ( 1 -1 2  mos* e a r l ie r ) 60 3 8 .0 normal Not done
S.A* (two s tag e  o p era tions 
up to  30  days e a r l ie r ) ¥> 49*0 -  63*1 normal 81
Continuous sp in a l ? (before) 28.0 





Bontocaine and glucose were used* I t  seems odd to  estim ate  tiie glucose 
a f t e r  continuous sp in a l anaesthesia  using a so lu tio n  co n ta in ing  glucose 
u n le ss  a considerab le  time was allowed to  elapse* Here the  tim e has 
n o t been s ta te d .
I n t r a - c i s t e m a l  in je c t io n  o f  a n ae s th e tic s
liRDOLMER (1948) describes th e  e f fe c ts  o f  th e  in a d v e r ten t 
in je c t io n  ( th e re  was confusion between two s io A lar sy rin g es) in to  
th e  c i s t e m a  magna o f  a p a t ie n t  su ffe r in g  from c e rv ic a l cord tumour 
(an ependymoblastoma). The in je c tio n  was given w ith  the  p a t ie n t  
s i t t i n g  u p r ig h t in  a c h a ir . The dose o f p roca ine  was 60 mg* in  2ft 
so lu tion*  In  a few seconds she complained o f  h e r  head fe e l in g  h o t. 
She l o s t  consciousness in  th e  second m inute. R esp ira tio n  ceased 
about a m inute l a t e r  and remained in  abeyance f o r  f o r ty - f iv e  
minutes* A ll re fle x e s  were abolished and th e re  was profound f la c c id  
p a ra ly s is  b u t no marked c a rd io -v ascu la r depression . There was 
extreme cyanosis from the onset o f  r e s p ira to ry  depression  u n t i l  
e f f e c t iv e  a r t i f i c i a l  r e s p ira t io n  was e s ta b lish e d  " f iv e  to  ten  
m inutes l a t e r 11. The p u lse  became feeb le  towards th e  end o f th i s  
tim e, but improved and remained s a t i s f a c to r y  when anoxaemia was 
c o rre c te d , and m ain tained , by rhythmic in s u f f la t io n  o f  oxygen 
through an endotracheal tube. The p a tie n t* s  cond ition  then  
remained good in  s p i te  o f  the profound f la c c id i ty .  Spontaneous 
re s p ir a t io n  began to  re tu rn  a f te r  fo r ty - f iv e  minutes and was f u l l y  
re -e s ta b l is h e d  in  a few m inutes. The la ry n g ea l re f le x  re tu rn e d  ten 
m inutes l a t e r .  She did n o t, however, regain  consciousness and 
d u ring  the  nex t th ree  hours she had a s e r ie s  of convulsions. From 
then  u n t i l  h e r  death s ix  days l a t e r  the c l in ic a l  p ic tu re  was o f  
grave c e re b ra l damage fo llow ing  anoxia, w ith convu lsions, 
unconsciousness, r i g i d i t y ,  m ask-like fa c ie s  and profound dem entia. 
The h is to lo g ic a l  find ings were com plicated by a m alignant tumour 
occupying much o f  the  card  and b ra in  stem , which may have 
in flu en ced  th e  r e s u l t  o f  the  in je c t io n . The conclusion  is  th a t  
th e  dose o f  p rocaine  in t r a - c i s t e r a a l ly  caused profound but 
re v e r s ib le  re s p ira to ry  p a ra ly s is .  The ir r e v e r s ib le  changes th a t 
k i l l e d  the  p a t ie n t  were due to  anoxaemia.
WADS (1934) in v e s tig a te d  the e f fe c ts  o f  p roca ine  in je c te d  in to  
th e  v e n tr ic le s ,  th e  o is te rn a  magna and the  lumbar reg ion , in  la rg e  
dogs under b asa l an aesth esia  induced by b a rb itu ra te s  (one case) o r  
paraldehyde. A r t i f i c i a l  re sp ira tio n  was m aintained in  a l l  oases by 
compressed a i r  through a tra c h ea l canula. He rep o rts  as fo llo w s:-
1) I n t r a v e n tr ic u la r  procaine was given in  doses from 10 -  200 
mg* in  I f  R inger’s so lu tio n . 10 mg- fa i le d  to  cause re s p ira to ry  
p a ra ly s is  which was, however, produced by doses o f  25 mg- and 
upwards w ith in  one and a h a lf  minutes* R esp ira tion  ceased suddenly 
w ithou t change and re tu rn ed  suddenly f i f te e n  to  t h i r ty  minutes 
l a t e r ,  becoming q u ite  normal in  about ano ther fiv e  m inutes. The 
c e ssa tio n  o f  re s p ira t io n  was a sso c ia ted  w ith a slowing o f the p u lse  
r a te  and a f a l l  in  blood p ressu re  s ta r t in g  w ith in  twenty seconds 
and reach ing  i t s  maximum in  about t h i r ty  seconds*
2) I n t r a - c i s t e r a a l  p rocaine. 150 mg* o f p rocaine  in  i f  R in g e r 's  
so lu tio n  in je c te d  in to  the  c is te m a  magna caused re s p ira to ry  p a ra ly ­
s i s  w ith in  one minute. A r t i f i c i a l  re sp ira tio n  was in s t i tu te d  a t
once and th e  animal was p u t in to  a s te e p  Trendelburg p o sitio n *  The 
p u lse  r a te  slowed and the  blood p re s su re  f e l l  slow ly in  th e  f i r s t  
ten  minutes to  about o n e -th ird  normal. A fte r one and a h a l f  to  two 
hours spontaneous re s p ira tio n  and a r i s e  in  blood p re s su re  s ta r te d  
and p ro g ressed  so  th a t  a r t i f i c i a l  re s p ira t io n  could be stopped a t  
two and a h a l f  hours. However, the dog could not be p u t o u t o f  the 
T rendelenburg p o s it io n  during  the fo llow ing h a lf -h o u r  w ithout a 
f a l l  in  blood p re ssu re  and the  need fo r  a r t i f i c i a l  re s p ira t io n . 
T h e re a f te r  p o s tu re  ceased to  have any e f fe c t .
3) Lumbar in tra th e c a l  in je c tio n  o f  150 mg. o f  procaine in  I f  
R inger’s so lu tio n  caused the blood p re ssu re  to  f a l l  to  o n e - th ird  
and the  p u lse  ra te  to  tw o -th ird s  o f th e i r  form er ra te s  w ith in  
tw enty to  s ix ty  seconds. R esp ira tion  became p u re ly  abdominal and 
movement o f  t id a l  a i r  g rad u a lly  f a i le d  so th a t  in ten minutes 
cyanosis was marked and re s p ira tio n  had f a i le d .  Cardiao f a i lu r e  
f re q u e n tly  preceded re s p ira to ry  f a i lu r e  and un less a r t i f i c i a l  
r e s p i r a t io n  was s ta r te d  e a r ly  the  dog could  no t be saved. Under 
a r t i f i c i a l  r e s p ir a t io n ,  in  the  Trendelenburg p o s i t io n ,  the  co lo u r 
improved and the animal remained in  a cond ition  o f slow p u lse  and 
low blood p re ssu re  f o r  cane-and-a-half to  two hours when a gradual 
r i s e  in  blood p re ssu re  and feeb le  re s p ira tio n s  took p lace .
though i t  was sa fe  to  stop  a r t i f i c i a l  re s p ira t io n  a t tw o-and-a- 
h a l f  h o u rs , the  vaso-motor system  was so u n stab le  th a t the  Tren­
delenburg  p o s itio n  could not be a lte re d  fo r  a fu r th e r  h a l f  hour 
w ithou t th e  occurrence o f  c irc u la to ry  and re s p ira to iy  collapse*
C otui and Standard (1932) a lso  showed by experim ents on dogs 
th a t  th e  in t r a c is te r n a l  in je c tio n  o f  p roca ine  in  s u f f ic ie n t  dosage 
produced re s p ira to ry  and vasomotor p a ra ly s is  and th a t  when sodium 
amytal w ith o r  w ithout morphine had been given the  e f f e c t iv e  dose 
o f  p ro ca ine  was reduced by about fo r ty  p e r  cent, o f  th a t  req u ired  
fo r  normal dogs. Utien re s p ira to iy  f a i lu r e  occurred , e f fe c t iv e  
re s u s c i ta t io n  follow ed th e  in s t i tu t io n  o f a r t i f i c i a l  re s p ira t io n  
and th e  in je c tio n  o f  ephedrine.
COLLAPSE AND RESUSCITATION
HEWER (1946) p o in ts  out th a t  th e re  are  two main types o f  
o o llsp se : f i r s t l y ,  prim ary card iao  f a i lu r e  and seoondly, the  
g rad u a l d e te r io ra t io n  in  the  p a tie n t* s  oondition  described  as 
shock, which i f  u n trea ted  may lead  to  secondaxy card iao  fa ilu re *
In  th e  f i r s t ,  tiie co lour suddenly changes to  a grey  p a l lo r ,  th e  
p u p ils  d i l a t e  w idely  and become in a o tiv e , the p u lse  i s  
im p e rc e p tib le , th e  re s p ira t io n  sig h in g  and f i n a l ly  ceasing* The 
causes a re  no t c le a r ;  i t  o ften  occurs with a l ig h t  an ae s th e s ia , 
u s u a lly  m ain tained  with chloroform  o r  a m ixture co n ta in in g  i t .
I t  may fo llow  a severe su rg ic a l s tim ulus, ad ren alin e  in to  th e  
o iro u la tio n ; i t  i s  common in  s ta tu s  ly iipha ticus. In travenous 
lo c a l  a n a e s th e tic  has caused i t ,  as has sp in a l in je o tio n . In  the  
e a r ly  s ta g e s , the h e a r t  i s  in  one o f  th ree  cond itions; a) beatin g  
very  fe e b ly , b) in  v e n tr ic u la r  f i b r i l l a t i o n  o r ,  o) quiescent*
T reatm ent* Stop o p era tio n  and adopt a s te e p  Trendelenburg p o s it io n . 
I n f l a t e  th e  lungs slow ly  with pure oxygen. I f  p re ssu re  is  no t 
a v a ila b le ,  do S ilv e s te r* s  method -  the  respiratory-pum p ac tio n  i s  
a g re a t h e lp . C ardiac puncture: i t  i s  b e s t to  puncture  the 
a u r ic le  and n o t in je c t  un less necessary . You can use a needle 
e le c tro d e . I f  th i s  f a i l s ,  do massage w ithout de lay  and continue 
i t  -  a case recovered a f te r  29 m inutes.
Recovery depends on th e  e a r ly  and e f f ic ie n t  in s t i tu t io n  o f  
r e s to r a t iv e  measures. The time fa c to r  is  every th ing . The f i r s t  
c e l l s  to  s u f f e r  are  those  o f  the  cereb ra l co rtex  and permanent 
recovery  i s  u n lik e ly  i f  these are  deprived of oxygen fo r  more than 
f iv e  m inutes, Macleod says the periods o f oxygen lack  th a t  r e s u l t  
in  death  a re  a) sm all pyramidal c e l l s  o f  the cerebrum -  e ig h t 
m inu tes , b) P u rk in je  c e l l s  of the cerebellum  -  th ir te e n  m inutes,
c) m edullary  cen tre s  -  twenty to  t h i r t y  m inutes, d) sp in a l cord -  
f o r ty —f iv e  to  s ix ty  m inutes and e) sym pathetic gang lia  — th ree  to  
th re e  and a h a l f  hou rs . (Ehysiology and B iochem istry in  Modem 
M edicine. 6th  E d itio n .)  The r e s u l t  w il l  depend on th e  time th a t 
has elapsed o r  r a th e r  th e  time during idiich the c e l l s  o f  th e  
nervous system have been deprived o f oxygen* There may be complete 
recovery ; o r  s l ig h t  damage to  the  c o r t ic a l  c e l l s  msy be evidenced 
by prolonged coma, by convulsions o r  by mental d e te r io ra tio n  a f t e r  
recovery .
The c e reb ra l c o rte x  may be so badly damaged th a t  consciousness 
may n o t be rega ined , the  p a tie n t resem bling a d ecereb ra te  animal 
and e v en tu a lly  dying. In  ra re  cases, the h e a r t does no t respond 
and d ea th  r e s u l t s .
SHOCK. A d i f f i c u l t  su b jec t th e o re t ic a l ly ,  i t  i s  easy to  recogn ise  
shock c l i n i c a l l y  during  an o p e ra tio n  by p a l lo r ,  sw eating , coldness 
o f th e  sk in , r i s in g  p u lse  r a te ,  f a l l in g  b lood-p ressu re  ( s y s to l ic  
more than  d ia s to l ic )  , d i la te d  p u p il and spaced o r  s ig n in g  
r e s p ir a t io n .  These may be m odified by the an aes th es ia  o r  o p e ra tio n . 
A ttem pts to  reduce ^btock to  terms o f  blood p re ssu re  are no t 
s a t i s f a c to r y .  The d e f in i te  signs are a r is in g  p u lse  r a te  w ith a 
p e r s i s te n t ly  f a l l i n g  p u lse  p re s su re . The e s s e n t ia l  pathology i s  a 
d im inution  in  th e  volume o f  c ir c u la t in g  blood in  tru e  shock. T h is  
d i f f e r e n t i a t e s  i t  from the  depressed  cond ition  o f  the c irc u la t io n  
seen in  sp in a l an aesth esia . Apart from blood lo s s ,  the  lo ss  in  
c i r c u la t in g  blood is  probably  due to  i t s  presence in  the  muscle 
c a p i l l a r ie s  and forms a v ic ious c i r c le .
CAUSES AND PREVENTION. Emotion (psychic shock); lo s s  o f  
f lu id s  -  w a te r by v is ib le  and in v is ib le  sw eating and re s p ira to ry  
lo s s ;  blood by haemorrhage and ex trav asa tio n ; traum a, by nerves in  
r e f le x  shook and muscles in  "histam ine" shock; lo s s  of h e a t, by 
exposed v is c e ra  o r  cold a n ae s th e tic  inhaled  vapours; overdose o f  
a n a e s th e tic , r e la t iv e  o r  abso lu te; oxygen d e fic ien cy  from o b stru c ted  
airw ay, e t c . ; excessive d u ra tion  o f  op era tio n .
P reven tion : H ypnotics and b asa l n a rc o tic s  and suggestion h e lp .
Seduce the nocio cep tive  s t im u li  -  th i s  DOES occur in  l ig h t  anaes­
th e s ia .  Chloroform s e n s i t i s e s  the c a p i l la r ie s  to  th e  ac tion  o f  
h is tam in e . Do n o t use anything bu t NgO and O2 in  shocked p a t ie n ts .  
In  th e  crush syndrome, i t s  ren a l d e fic ien cy  may be due to  anoxia o f  
th e  k idneys. I t  can be helped by k»28fo sodium su lp h ate  a t 100 
drops p e r  m inute, in travenously . Remember the law o f  d im inish ing  
re s is ta n c e .  Keep the th e a tre  warm. Watch on the way back to  the  
ward. I t  has been sa id  th a t a p a t ie n t  cannot to le r a te  a s y s to l ic  
b lo o d -p res  su re  o f  80 mm. Hg. f o r  more than twenty m inutes. I f  th is  
i s  m a te r ia lly  exceeded he w il l  d ie  w ithin  fo r ty -e ig h t  hours. This 
i s  n o t always t ru e  but should be borne in  mind.
TREATMENT OF SHOCK
MORGAN (1943), d isc u sse s -  th e  treatm ent o f  shook inasmuch as 
i t  i s  re la te d  to  p rep a ra tio n  f o r  opera tion  and an aes th es ia  under 
a) g en era l and b) intravenous measures. Under "g en era l”, he adv ises 
removal o f  the cause, r e s t  o f  body and mind, the r e l i e f  o f  p a in , 
th e  promotion o f warmth, o r  ra th e r  the reduction  o f  h e a t lo ss , in  a 
room to  c o n tro l the  h ea t and hum idity (7Q^ to  8($  and 65^) and the  
ad m in is tra tio n  o f  oxygen. He p o in ts  out th a t  the  ad m in is tra tio n  o f  
10($ oxygen ra is e s  the  to ta l  in  the  blood by only 1($ to  1% . Oxygen 
want may be extreme in  the  absence of cyanosis, and must be given in  
high co n cen tra tio n . In  b la s t  in ju ry  he th inks i t  should even be 
given aubcutaneously  o r  even in travenously . Sweet warm d rin k s  and 
th e  i n s t i tu t io n  of a r e c ta l  d rip  tend to  m obilise th e  plasma 
p ro te in s  from th e  l iv e r .  Intravenous measures are  necessary  in  
sev ere  shock; h e re  speed is  necessary  and the p a tie n ts  need blood, 
plasma o r  serum. A f a l l in g  b lood-pressure  and a r is in g  p u lse -
r a te  are  ‘o f  bad omen* In  acu te  blood lo s s  tra n s fu s io n  should be 
c a r r ie d  out t i l l  a t  l e a s t  60$  is  o b ta in ed  (each 500 oc. i s  
estim ated  to  g ive  a r i s e  o f  10$), and th e  f i r s t  500 oc. should 
be run in  as ra p id ly  as p o ss ib le . In  non-uigent c a se s , ca re  
should  be taken no t to  overload th e  r ig h t  h e a r t .  In  b u m s, 
p e r i t o n i t i s  and o th e r  cases where th e re  is  lo s s  o f  f lu id s  r ic h  
in  p r o te in s ,  plasma o r  serum are n ecessary  in  la rg e  amounts, f o r  
example fo u r  l i t r e s  in  fo u r hours. I f  plasma i s  no t a v a ila b le , 
s a lin e s  should not be g iv en , and blood should be given in s te ad .
In  acute w ater lo ss  (dehydration), s a l in e , w ith o r  w ithout g lucose 
should be given and you should not be a f ra id  to  give p le n ty .
Blood i s  c o n tra - in d ic a te d  here . Where dehydration i s  accompanied 
by anaemia, as in  con g en ita l h ypertroph ic  p y lo r ic  s te n o s is ,  
d ia rrh o e a  and m alignant d isease  o f the colon, you must g ive blood. 
I n  haem o-concentration shock i t  i s  im portant to  g ive plasma and 
n o t blood. Whatever the oause o f  shock, i t s  e n d -re su lt i s  anoxia; 
and he urges th e re fo re  th e  use o f  an a n ae s th e tic  agent allow ing 
th e  maximum o f oxygen. He s ta te s  th a t  cyclopropane i s  the  
a n a e s th e tic  o f  choice and th a t  chloroform  o r sp in a l an aes th es ia  
i s  c o n tra - in d ic a te d  in  shook.
Anoxia under sp in a l an aesth esia  is  of th e  ischeam ic o r  
s tag n an t type. "The ten sio n  o f  oxygen in  the  blood i s  noim al, 
bu t th e  amount reaching  the  t is s u e s  i s  inadequate. The r a te  o f  
t i s s u e  o x id a tio n  i s  no ima}., be cause oxygen is  supp lied  a t  a high 
p re ssu re  le v e l  head. As the blood c irc u la te s  more slowly in  the  
t i s s u e s  th e re  i s  more tim e av a ilab le  f o r  the  reduction  o f  oxy- 
haemoglobin. Furtherm ore, th e  im paired c irc u la t io n  causes 002 
accum ulation in  the t i s s u e s ,  -which f a c i l i t a t e s  th e  g iv in g -o ff  o f  
ojQrgen. Thus the t is s u e s  make the more e f fe c t iv e  use o f  what 
oxygen does reach them in the b lood ."  (Samson Wright: 1945)•
This type o f  anoxia i s  th a t  found in  haemorrhage, im paired 
venous r e tu rn ,  h e a r t  f a i lu r e  and shock. I t  is  obvious th a t  to  
combat i t ,  measures must be taken to  p reven t o r am eliorate  these . 
I n  a d d itio n , however, th e re  is  re s p ira to ry  depression  to  some 
e x te n t . I t  seems th a t  h ig h -ten s io n  oxygen (100$) i s  in d ic a te d , 
and I  am convinced on p u re ly  p ra c t ic a l  experience th a t th i s  i s  
one o f  th e  most va luab le  th e rap eu tic  means we have o f  reducing 
th e  e f f e c t s  o f  t i s s u e  anoxia. Too o ften  is  re lia n c e  p laced  upon 
the  absence o f  cyanosis; too ra re ly  i s  i t  re a lis e d  th a t  t is s u e  
anoxia can be p re sen t in  the  absence o f  cyanosis.
I t  i s  im portan t th a t  a l l  r e s to ra t iv e  measures should be 
ready and th a t  no d e lay  should take  p lace  in  applying them.
25
S p in a l a n aes th es ia  and Shock
0*Shaughnessy and Slome (1935) gave sp in a l an aes th es ia  to n ine  
o a ts  and then in f l i c t e d  trauma only a f t e r  th e  k n ee-je rk s  were abo lished . 
In  alm ost evezy c ase  the  blood-pres sure  a t  the end o f  th e  f i r s t  hour 
f e l l  on ly  a l i t t l e  w hile  in  th e  c o n tro l group a f a l l  to  shook le v e l  
(60 mm. Hg.) i s  usual in  th is  p e rio d . They say HEven i f  we are wrong 
in  the emphasis we la y  upon the  d ischarge o f nocicep tive  in p u lse s , 
th e  b e n e f ic ia l  e f f e c t  o f  sp in a l an aesth esia  remains a f a c t  which 
seems worthy of no te  and fu r th e r  in v e s t ig a tio n ”.
Slome and O’Shaugnessy (1938) d iscu ss in g  the nervous f a c to r  in  
tra u m a tic  shock s t a t e  ”I f  tran sfu s io n  o f blood i s  accompanied by 
sp in a l a n ae s th e s ia , the  r is e  in  b lood-p ressu re  produced by the  
tra n s fu s io n  i s  m aintained; otherw ise blood tra n s fu s io n  i s  not 
e f f ic a c io u s .”
SACHS (l94d) subscrib ing  to  the theo ry  th a t  the essence o f shook 
i s  lo s s  o f  plasma p ro te in s , in v e s tig a te d  th is  under e th e r ,  a v e rtin  
and e th e r ,  s p in a l , n itro u s-o x id e  and caudal an aes th es ia s  and f in d in g  
no change in  plasma p ro te in , haemoglobin o r  blood hydrogen-ion 
co n cen tra tio n  under any o f th e se , concludes th a t  a n ae s th e tic s  play  
no p a r t  in  the production o f  shock.
”The e s s e n tia l  p a th o lo g ica l change in shock is  now thought to  be 
such a dim inution in  the to ta l  volume o f  c irc u la t in g  blood th a t  the  
compensatory mechanisms (such as a r t e r i a l  co n trac tio n  and the d ischarge  
o f  blood from the spleen) a re  in s u f f ic ie n t  and th e  c a sc u la r  system 
i s  no lo n g e r adequately  f i l l e d .  This lead s  to  such e f f e c ts  as a f a l l  
in  b lo o d -p ressu re , t i s s u e  anoxia, e t c . .  This conception d i f f e r e n t ia te s  
t ru e  shock from depressed  cond itions of the c irc u la t io n  such as th a t 
seen during sp in a l a n a lg e s ia ”. (Hewer -  1944) • *The fundamental 
d iffe re n c e  between the  low hLood-pressure in  sp in a l shock and tru e  
shock is  th a t  in  the  form er condition  there  is  no change in  the  volume 
o f  th e  c ir c u la t in g  blood. I t  i s  in te re s t in g  to  observe th a t  i f  a 
sp in a l block be given to  a p a t ie n t  in  acute pain  from an abdominal 
le s io n ,  an immediate f a l l  in  b lood-pressure accompanies the r e l i e f  
from p a in . The suggestion  has been made th a t th is  i s  due to  the  
c e ssa tio n  o f  p re s s o r  impulses which have been passing  v ia  the p o s te r io r  
ro o ts  to  th e  vaso-m otor cen tre  and which a re  the cause o f  the  higjh 
b lo o d -p ressu re  o f te n  noted in  the i n i t i a l  s tag es  o f  shock (a s  f i r s t  
p o in ted  ou t by Parsons and Gray in  1912) • ” (Hewer -  1944) •
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B lo o d - p r e s s u r e  c h a r t .  F em ale  a g e d  28 y e a r s .  
A n a e s t h e t i c .  4 c c .  0 .2 $  p e r c a i n e  i n  6$ d e x t r o s e  
O p e r a t io n .  S u b - t o t a l  h y s te r e c to m y .
S.= s p i n a l  i n j e c t i o n  O .S .
E p . * e p h r e d r i n e  O .C .
H .D .=  h ead -d o w n  p o s i t i o n  0.
o p e r a t i o n  s t a r t e d  
o p e r a t i o n  c o m p le te d  
100$  o x y g en  s t a r t e d
N o te ,  a )  The r i s e  i n  b lo o d - p r e s s u r e  f o l l o w i n g  i n t r a t h e c a l  
i n j e c t i o n  w i th o u t  p r e l i m i n a r y  a n a l e p t i c .
b ) The r e s p o n s e  t o  a d o p t io n  o f  t h e  h ead -d o w n  
p o s i t i o n  a n d  100$  o x y g e n .
c )  The r e s p o n s e  t o  e p h e d r in e -  t h e  e f f e c t  i s  m ore 
m ark ed  on t h e  d i a s t o l i c  p r e s s u r e .
The f a l l  in  b lo o d -p ressu re  during  sp in a l a n ae s th e s ia .
Almost every  one #10  g iv es  a s e r ie s  o f sp in a l a n a e s th e tic s  i s  
in p re ssed  by the  f a c t  th a t  a f a l l  in  b lo o d -p ressu re  i s  very  common. 
Few people have c r i t i c i s e d  th e  method w ithout u sing  t h i s  as a s tro n g  
reason f o r  not using  i t .  The b lood-p ressu re  w ith sp in a l a n ae s th e s ia  
i s  c e r ta in ly  c a p r ic io u s ; but i t  i s  no t tru e  th a t  a f a l l  in  p re ssu re  
i s  in e v ita b le . I t  i s  even l e s s  tru e  th a t  i t  is  d is a s tro u s  and th a t  
th e  p a t ie n t  is  even dangerously  i l l .  There are many th e o r ie s  about 
th e  causes o f  th e  f a l l ,  -  p e r ip h e ra l v a s o d ila ta t io n , d im inished 
supply to  th e  adrenal glands w ith  r e s u lt in g  f a l l  in  c ir c u la t in g  
a d re n a lin e , d im in ished  c a rd iac  o u tp u t, lo s s  o f  re s p ira to ry  pump 
ac tio n  from depressed  c i r c u la t io n ,  t r a c t io n  upon m esen teries. But 
whatever the  cau se , th e  r e s u l t  i s  t i s s u e  asphyxia from depressed  
c irc u la t io n . The trea tm en t th e re fo re  i s  to  d im inish  o r  ab o lish  t h i s  
t is s u e  asphyxia. This can be done by g iv ing  a n a le p tic  d ru g s , and 
indeed many people give th e se  p r io r  to  th e  s p in a l in je c tio n  in  cases  
o f  low blood p re ssu re . But blood p re ssu re  i s  an in d iv id u a l p re ssu re  
and v a rie s  g r e a t ly  in  ap p aren tly  h e a lth y  people. The normal p a t ie n t  
w ith  a blood p re s su re  o f  100 am. mercury w il l  to le r a te  a f a l l  in  
p re ssu re  much b e t t e r  than one w ith  continued hyp erten sio n . My own 
b e l ie f  i s  th a t  th e  best way to  t id e  the p a t ie n t  over the p e rio d  o f  
low p re ssu re  is  to  g iv e  continuous 100$ oxygen in h a la tio n s : and, 
vfoile I  o f te n  see g re a t  f a l l s ,  I  b e lie v e  th a t  th ese  are always 
tem porary and th a t  th e  p a t ie n t  can be s a f e ly  t id e d  over them. A 
low blood p re ssu re  befo re  o p e ra tio n  w il l  no t p rev en t me from g iv in g  
a sp in a l a n a e s th e tic  -  see c h a r t o p p o s ite , where th e  p a t ie n t  under­
went hysterectom y under in tr a th e c a l  p e rc a in e . Her blood p ressu re  
p r io r  to  o p e ra tio n  was 82/58. Follow ing the sp in a l in je c t io n  th e  
p re ssu re  rose  to  112/T7• The c h a r t exp la in s  i t s e l f .  The p a t ie n t  
d id not cause me any alarm. Higfr ten sio n  oxygen was given du rin g  
th e  o p e ra tio n  and th e  p a t ie n t  made an uneven tfu l recoveiy . Since 
an a le p tic s  a re  commonly used and are  very h e lp fu l ,  I  propose to  
d iso u ss  them in  th e  fo llow ing pages.
THE CHEMISTRY OF ANAESTHESIA
The fo llow ing  remarks a re  taken  from A drian i (1946):
Nuper oaine (p erca ine) i s  a w h ite  n e u tra l  s a l t  which forms 
s a l t s  w ith  th e  m ineral a c id s . The hyd ro ch lo rid e  i s  very  so lu b le  in  
w a te r , w ith  a o f  6 .2  to  6*5, and i t s  f re e  base i s  re a d i ly  
p re c ip i ta te d  by a lk a l ie s  and a lk a lin e  sub stan ces . I t  i s  th e re fo re  
p repared  in  d i s t i l l e d  w ater and k ep t in  a lk a l i - f r e e  g la s s .  The 
s a l t s  can be heated  and a re  com patible w ith  ephedrine hydrochloride* 
I t  g ives prolonged an aes th es ia  l a s t in g  th ree  to  fo u r  hours.
M etycaine (a lso  c a lle d  neo thesin ) has somewhat s im ila r  
p ro p e r t ie s .  S o lu tio n s  are s e l f - s t e r i l i s i n g ,  though th e  s a l t  can be 
s t e r i l i s e d  by h ea t w ithout decom position. P repared so lu tio n s  a re  
destroyed  by moulds and b a c te r ia ,  which can be p reven ted  by adding . 
o h lo ib u tan o l. Ephedrine can be added and th io u re a  w il l  p rev en t th e  
decom position o f  m etycaine-ephedrine m ix tures.
P roca ine  was sy n th esised  by E inhom  in  1905* I t  has many 
o th e r  names, th e  commonest being e th o ca in e , novooaine, neocaine’, 
and p lanocaine . A base , i t s  s a l t s  are r e a d i ly  so lu b le  in  w a ter, bu t 
such s o lu tio n s  are re a d ily  decomposed by b a c te r ia .  S o lu tio n s  o f  th e  
n i t r a t e  and hydroch lo ride  are a c id , th e  l a t t e r  being th e  commonly 
used s a l t  whose so lu tio n s  have a ^  o f  6 .0 , and which must th e re fo re  
be s to re d  in  a lk a l i - f r e e  g la s s . S o lu tio n s  o f  th e  b o ra te  a re  a lk a lin e  
(pH 8 .1 ) .
B ontocaine (a ls o  c a l le d  pan to ca in e  and te tr a c a in e )  i s  u su a lly  
used as th e  h yd roch lo ride  whose aqueous so lu tio n s  are  alm ost n e u t r a l ,  
bu t th e  f r e e  base sep a ra te s  on the  ad d itio n  o f  a lk a l i .
Parasym pathetic  d ep ressan ts . A tropine and hyoscine produce 
t h e i r  e f f e c ts  by d ecreasin g  the amount o f  a ce ty lc h o lin e  formed, by 
in c re a s in g  i t s  ra te  o f  d e s tru c tio n  o r  by in h ib it in g  i t s  ac tio n  on 
end-organs. Parasym pathetic  s tim u la tio n  can be produced by th e  
in h ib i t io n  o f  th e  a c t i v i ty  o f  c h o le s te r in a se  (as  by morphia) o r  by 
in c re a s in g  the p roduction  o f a ce ty lch o lin e .
SYMPAfflETICO-MIMETIG DRUGS. A substance c a lle d  "sympathin'*
i s  l ib e ra te d  a t th e  nerve-endings o f  sym pathetic f ib r e s .  I t  is  
b e liev ed  n o t to  be a sim ple substance but a combination o f  two ty p e s , 
sympathin E and sympathin I .  "E" i s  an e x c ito r  and g ives the e f fe c ts  
o f  sym pathetic  s tim u la tio n . I "  i s  an in h ib i to r .  The ex is ten ce  o f 
th e se  two types exp lains th e  d i f f e r e n t  responses to  sym pathetic 
s tim u la tio n . In  ad d itio n  to  sym pathin, th e  hormone ep inephrine 
produces e f fe c ts  o f  sym pathetic s tim u la tio n . The p re c is e  n a tu re  o f  
sympathin i s  not known. I t  i s  be lieved  to  be s im ila r  to though no t 
id e n t ic a l  w ith ep inephrine. Epinephrine i s  destroyed by an enzyme, 
amino-oxydase, b e lieved  to be w idely d is t r ib u te d  in  l iv in g  t is s u e s .
The sympatheticom im etic drugs are a l l  amines, d e r iv e ra tiv e s  o f 
phenylethylam ine, which can be varied  to  give such drugs as ep h ed rine , 
synephrine, neosynephrine, co b efrin  and p a rad rin e .
Epinephrine i s  th e  hormone from th e  m edullary p o r tio n  o f  the  
ad renal g land . I t  i s  qu ick ly  destroyed  by the  l i v e r .
Epredrine i s  e i th e r  laevo -ephed rine  o r  dex tro -pseudo-ephedrine . 
The la e v e -  form alone (th e  offociaL  substance) e x is t s  in  th e  p la n t  
Ma Huang, w hile  o th e r  p la n ts  con tain  m ix tu res. The s y n th e tio  form 
ep h ito n in  has both forms and has l e s s  a c tio n  than the  pure laev o - 
form. I t  is  now p o s s ib le  to  g e t sy n th e tic  laev o -ephed rine .
Ephedrine has the same p h y s io lo g ica l p ro p e r tie s  as ep inephrin  bu t 
l a s t s  over a lo n g e r p e rio d  6f  tim e. I t  i s  a lso  s ta b le  to  a i r ,  l i g h t  
and changes and can be b o iled  w ithout in a c t iv a tio n .
Neosynephrine i s  a lso  w idely used in  sp in a l a n aes th es ia . A ll 
o f th e se  substances are c h ie f ly  d e to x ica ted  in  th e  l iv e r .
These sym pathetico-m im etic drugs a re  ex ten s iv e ly  used in  
s p in a l an aes th es ia  f o r  th e  p reven tion  o r  c o rre c tio n  o f  th e  f a l l  in  
b lo o d -p ressu re  which is  such a common accompanying phenomenon, and 
much has been w ritten  about them. Thus Babcock (1906) quotes 
Klopp as having shown th e  value o f  ad ren a lin  and ep inephrine  in  
delay ing  the absorp tion  o f Id e a l a n a e s th e tic  agen ts.
P i tk in  (1929) claim ed th a t  "Ephedrine enployed in  an amount 
p ro p o rtio n a te  to  th e  h e ig h t o f  an aes th es ia  w il l  s t a b i l i s e  th e  hLood- 
p r e s s u r e ." "For a n aes th es ia  reach ing  the  seventh -thoracic segment,
66 mg. o f  ephedrine w i l l  a t  a l l  tim es s t a b i l i s e  th e  b lo o d -p re ssu re ."  
But P i tk in  i s  in  a c la ss  by h im se lf; no one e ls e  can achieve h is  
rem arkable r e s u l t s ,  few w ill  support h is  claim s and I  th in k  th a t  
many o f  h is  statem ents are fran k ly  absurd , fo r  example h i s  statem ent 
th a t  h is  p rep a ra tio n s  g ive "no shock o r  f a l l  in  b lo o d -p ressu re”.
He f u r th e r  claim s th a t th e  r a te  o f  ab so rp tion  depends n o t on th e  
presence o f  vaso-c cams t r i e  to rs  bu t on th e  v is c o s i ty  o f  th e  so lu tio n .
He ag rees th a t  ephedrine prolongs th e  e f f e c t  o f  th e  a n a e s th e tic , 
when added to  i t .
B i t t r i c k  (1939) records h i s  r e s u l ts  with neosynephrin in  two 
hundred and tw enty cases to  whom i t  was given as a p ro p h y la c tic  
ro u tin e , in  doses o f  7 i  mg. fo r  h igh  sp in a ls  and 5 mg. f o r  low.
H is r e s u l t s  are:
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9 (B. P.  + o r  m aintained) 
5 .9#  (B.P. ra is e d  30 mg* 
o r  more)
l.j}j£ (B.P. m aintained a t
o r  above 80 mm. H g .).
No b lood-pressu re  below 80 mm. Hg. was recorded in  th e  whole
group.
(3LAIK0FF (1940) reviews the  a ttem pts made to  p rev en t o r  
overcome the  f a l l  in  b loodr-pressure. He says Jonnesco and 
P i tk in  t r i e d  in tr a th e c a l  s try c h n in e  f o r  many y ears  and found i t  
u se le s s . Babcock gave in travenous s a l in e  w ith enough ad ren a lin  
to  m ain tain  th e  b lo o d -p ressu re  le v e l  a t  100 mm. Hg. and found 
th a t  he had used 80 to  90 minims a t  the  end o f  th e  o p e ra tio n .
The e f f e c t s  were so v a r ia b le  and so s h o r t- l iv e d  and o fte n  so  
alarm ing th a t  he  abandoned th e  method. He says p i t r e s s in  may 
be bad on account i f  i t s  e f f e c t  in  o o n s tr ic tio n  th e  coronary  
a r t e r i e s ,  and quotes Essex, H e rric k , Mann, and Wegria as say ing  
th a t  ex p erim en ta lly , in  dogs, p i t r e s s in  decreased  th e  flow  through 
th e  h e a r t  by e ig h ty  p e r c en t. Chen (1924) e x tra c te d  ephedrine 
from -the p la n t Ma Huang. I t  i s  a pow erful v a s o -c o n s tr ic to r ,  and 
l ik e  a d re n a lin , d i la te s  -the co ro n a rie s ; bu t one dose does n o t seem 
to  be enough and subsequent doses are n o t so e f f e c t iv e  in  tim e o r  
h e ig h t. M e lv ille  and S teh le  (1931) showed th a t  the com bination o f  
p i t r e s s in  and ephredrin  had a sy n e rg is tic  e f f e c t .  The c h ie f  
e f f e c t  was widening o f  th e  p u lse  p re ssu re . C haikoff says th e re  
i s  no harm in  overdose and recommends th a t the combination be used 
a lso  fo r  th e  p reven tion  o r  r e l i e f  o f  p o s t-o p e ra tiv e  d is te n s io n .
The same w r ite r  (1947) analyses 1,440 ad m in is tra tio n s  and 
ooncludes th a t  ephredrine alone o r  ephedrine and p i t r e s s in  (g r .  i  
and 0 .5  cc .) w i l l  give adequate maintenance in  low er abdominal 
op e ra tio n s  b u t th a t  f o r  h i^ i  sp in a ls  th e  com bination should be 
used tw ice , befo re  th e  sp in a l in je c t io n  and before th e  in c is io n .
I f  th e  drop is  sev ere , he g ives the  second dose in trav en o u sly .
A th i r d  dose o f  the m ixture may be given i f  n ecessary .
Many o th e rs  have w ritte n  on th e  e f fe c ts  o f  d i f f e r e n t  
p re s s o r  substances. Thus, Rochbeig and Apgar (1942) found the  
com bination o f  ephedrine and epinephrine s a t i s f a c to r y  in  h igh  
s p in a ls .  M elv ille  (1946) p re fe rs  ep red rin e  and p i t r e s s in  and 
s ta t e s  th a t  th e  b e s t combination i s  in  th e  r a t io  o f  4*8 mg* 
ephredrine  to  each u n it o f  p re s s o r  p i tu i t a r y  e x tra c t  (p o stlo b in -V ). 
Dodd and P re sc o tt (1943) and Anderson (1946) favour m ethredrine; 
Roman-Vega and A driani (1946) l ik e  oenethy l; B i t t r i c k  (1939) and 
Thomas and S ica  (1946) used neo-synephrine. A ltsch u le  and 
Gilman (1939) and Nathanson, Engelberg and Hersh (1942) re p o r t 
on the success o f p ared rine : Lorhan and Mosser (1947) are  
im pressed w ith  p ropadrine; and Jackson (1947) g o t good r e s u l ts  
w ith "EA-83" which he th in k s  a c ts  b e s t in  sm all doses (10 mg.) 
repeated  as necessary . Most o f  th e se  w r ite rs  d iscu ss  th e  un­
d e s ira b le  s id e - e f f e c ts  produced by d i f f e r e n t  vaso -p resso rs  in  
making t h e i r  choice.
THE USE OF PKESSOR SUBSTANCES ADDED TO THE SPINAL ANAESTHETIC
SOLUTION_________
V arious au thors  have desc rib ed  th e  e f f e c t s  o f  combining 
p re s so rs  w ith  d i f f e r e n t  an ae s th e tic  so lu tio n s . B e t te r  and E h itao re  
(1946) and C anpbell, Crane and Sankey (1947) used pon tocaine- 
d ex tro se-ep h ed rin e  w ith s a t i s f a c t io n ,  and Romberger (1943) in  a 
n o t very modest a r t i c l e  u lt im a te ly  p re fe rre d  eph red rine  and 
p rocaine. P i tk in  (1940) added supraren in  0 .3 6  mg. and eph red rine  
50 mg. to  h is  heavy and l i g h t  s o lu tio n s , w ith  g re a t s a t i s f a c t io n .  
A ll th e se  w r ite rs  emphasise th a t  the ad d itio n  o f  th e  p re s so r  
substance  to  th e  a n a e s th e tic  agent enhances and pro longs tha 
e f f e c t  o f  the  l a t t e r ,  making a reduction  in  i t s  dosage p o s s ib le .
I  use ephedrine in  doses o f  25-50 ng. when I  th in k  i t  ia  
in d ic a te d . My f i r s t  ampoules were made up o f  50 mg. in  2.fj£ 
so lu tio n  using  the  ac tiv e  p r in c ip le  e x tra c te d  from  th e  p la n t  Me 
Huang, bought in  th e  lo c a l  market in  Kuala Lumpur, by Mr. M illa rd , 
Superin tend ing  R iarm aceutical Chemist o f th e  Malayan M edioal 
S erv ice .
EEHELKENB AS A SPINAL ANAESTHETIC AGENT
S ch u ltz  (1940) conducted some experim ents w ith ephedrine 
hyd ro ch lo rid e  d isso lv ed  in  0 . 7 $  s a l in e .  Small q u a n ti t ie s  (0*4 c .c . )  
o f  d i f f e r e n t  s tre n g th  so lu tio n s  o f  ephedrine were in je c te d  in t r a -  
cu taneously  in to  th e  f le x o r  su rfa c e  o f  th e  forearm  and th e  response 
to  p in  p r ic k s  compared w ith th e  ad jo in in g  a rea . He found th a t  th e  
minimal e f f e c t iv e  co n cen tra tio n  o f  ephedrine was 0 . $ .  The 
so lu tio n  was very i r r i t a t i n g  w hile  being in je c te d ; but th i s  soon 
d isappeared . A naesthesia  la s te d  f iv e  to  e ig h t minutes where 0 . $  
and 0 . $  so lu tio n  re sp e c tiv e ly  were in je c te d . S chu ltz  then  t r i e d  
to  b lock  nerves using  the s c ia t i c  o f  th e  fro g . He then in je c te d  
0 .03 o .c . to  0*15 c .c .  in t r a s p in a l ly  in  fro g s . He concluded th a t  
$  so lu tio n s  can block th e  s c i a t i c  nerve in  fro g s . The minimal 
dose f o r  sp in a l an aesth esia  in  fro g s  was 0 .1  m illig ram s p e r  gram 
o f  body w eight. In tracu tan eo u s  in je c tio n  o f  0 .1$  so lu tio n  produces 
a n ae s th es ia  in  humans. A ll these a f f e c t s  a re  com pletely re v e rs ib le .  
C oncen tra tion  o f  $  and 10$ produced no an aes th es ia  when ap p lied  
to  th e  cornea o f  ra b b its .
fiuben e t  a l i a  (1948) p r io r  to  adm in is te rin g  sp in a l an aes th es ia  
in je c te d  f i f t y  m illigram s o f  ephedrine su lp h a te  in  t r i p l e  d i s t i l l e d  
w ater mixed w ith one c. c. o f  c e reb ro -sp in a l f lu id .  For a p e rio d  
o f twenty m inutes a f t e r  in je c t io n  the  p a t ie n ts  were te s te d  fo r  lo s s  
o f p in  p r ic k  sen sa tio n  and o f  anal sp h in c te r  tone . The e f f e c t s  
were usuadly  noted  a f te r  te n  m inutes o r  more and were most f re q u e n tly  
seen in  th e  area su p p lied  by th e  second, th i r d  and fo u rth  sa o ra l 
n e rv es. Some lo s s  o f  sen sa tio n  was no ted  as h igh  as the  e ig h th  
d o rsa l nerve . A ll o f  f i f t e e n  p a tie n ts  showed some d im in itio n  of 
p in  p r ic k  sen sa tio n  irtiich varied  from s l ig h t  hy p aesth esia  to  anaes­
th e s ia .  Anal sp h in c te r  tone was dim inished enough to  allow  th e  
passage o f  two o r  more f in g e rs  w ithout d iscom fort in  the s ix  
p a t ie n ts  te s te d  fo r  t h i s .  No o th e r  p a re s is  was seen. None showed 
sym pathetic  e f f e c t s ,  f o r  example e lev a tio n  of p u lse  o r  blood 
p re ssu re . Many showed warning o f leg s  w ith lumbar sym pathetic 
p a ra ly s is  and a few showed the  f a l l  in  blood p re s su re  seen in  
sp in a l a n aes th es ia . In  some cases the ephedrine a n aes th es ia  was 
enouj^i fo r  o p e ra tio n  w ithout the  ad d itio n  o f  a s tandard  agent: as 
an example they  quote a fo r ty -y e a rs  o ld  d ia b e t ic  female who 
underwent am putation o f  two toes and ex ten siv e  in c is io n  and 
d rainage o f  th e  fo o t ,  done under f i f t y  m illig ram s o f  ephedrine 
only. T h is  p a t ie n t  was no t ex cessiv e ly  pre-m edicated , could 
answer qu estio n s  and co -operated  w ell. She l a t e r  s a id  die cou ld  
f e e l  th e  op era tio n  b u t had had no p a in . They conclude, "The 
a n a e s th e tic  e f fe c t  o f  ephedrine should be considered  when adding 
th is  drug to  sp in a l a n a e s th e tic  m ixtures. "
SOME SYNONYMS
For th e  fo llo w in g  remarks I  am indeb ted  to  Langton Hewer (1946) 
and A drian i (1946):
The l i t e r a t u r e  on sp in a l an aesth esia  i s  o fte n  oonfusing because 
o f the  la rg e  number o f names used fo r  th e  same a n a e s th e tic  agent o r  
a n a le p tic . P rocaine  i s  known as a llo c a in e , e th o ca in e , k e rooaine , 
neooaine, novooaine, p lan o ca in e , scu ro ca in e , sev ica in e  and synoaine. 
I t  is  a lso  th e  an a lg esic  p r in c ip le  in  sp in o ca in e , g ravocaine , and 
duracaine.
Nuperoaine i s  a lso  c a l le d  p e rca in e  and, in  R ussia , sovkain.
P ontocaine i s  a lso  known as p an to ca in e , te t r a o a in e ,  
am ethocaine, an e th a in e , b u te th a n o l, d e c ic a in e , d ic a in e .
S tovaine (amlyocaine) i s  known as B arker’s so lu tio n  whioh 
con ta in s  s to v a in e  $  and g lucose $ .  S.G. 1 .02J. G haput's 
form ula con ta in s stovaine  in  10$ so lu tio n , S.G-. 1.080.
O ther an a lg e s ic s  quoted in  th i s  th e s is  a re  in tra c a in e  and 
monooaine (fo rm ate). M etycaine i s  the same as n eo th es in e , and ia  
used in  10$ so lu tio n  fo r  sp in a l an aes th es ia .
A lypin, eucaine and B -eucaine a re  r a r e ly  used now.
A drenaline i s  known as aup ra ren in , su rren in  and ep ineph rin .
Spin ine is  a sy n th e tic  compound w ith an ac tio n  s im ila r  to  
th a t  o f  ad ren a lin e . I t  i s  more s ta b le  and i s  used in  about ten  
tim es the s tre n g th .
C obefrin  is  th e  same as c o rb a s il and dipheprolam in.
One would have to  be a research  chemist to  keep tra c k  o f  a l l
th e se .
The B.P. 1948 has n o t made th in g s  any e a s ie r  by making 
cinchooain  th e  o f f i c i a l  name fo r  percaine  and nuperoaine.
FAILURE OF SPINAL ANAESTHESIA
A sp in a l an aes th es ia  may f a i l  ab so lu te ly ; th a t  i s ,  no 
a n ae s th e s ia  o r  in s u f f ic ie n t  a n ae s th es ia  may r e s u l t .  O r the  le v e l  
may be inadequate . Or th e  a n aes th es ia  i s  s a t i s f a c to r y  w hile i t  
l a s t s  b u t p asses  o f f  b e fo re  the  o p e ra tio n  oan be completed. I t  i s  
f o r  th ese  reasons th a t  so many re p o rts  o f  supplem entary general 
a n ae s th es ia  have been rep o rted .
Of cou rse , a p a t ie n t  may express a wish to be p u t to  sleep .
I  have o f te n  had th is  re q u e s t, and have re p lie d  by asking him to  
accept th e  sp in a l in je c t io n  f i r s t  o f  a l l ,  a ssu rin g  him th a t  i f  he 
wanted to  be p u t to  s le e p  a t any tim e I  would arrange th is .  No 
p a t i e n t ,  however nervous, has so f a r  asked me to  give a genera l 
a n a e s th e tic  a f te r  I  had s ta r te d  the  o p e ra tio n . But I  have had to  
supplement w ith a genera l a n a e s th e tic  because o f  f a i lu r e  to  produce 
adequate an aes th es ia  and now and then because I  had n o t time to  
oomplete th e  o p e ra tio n . Since I  s ta r te d  using  p e rc a in e , I  have 
never f a i l e d  to  g e t s u f f ic ie n t  an aesth esia  in  deg ree , le v e l  o r  
time and have no t had to  use a supplement.
Nitikman rep o rted  f a i lu r e  in  fo u r  p e r  cent o f one hundred and 
f i f t y  cases o f  sp in a l p e rca in e  an aesth esia  f o r  o p e ra tio n s  o f  th e  
sp in a l column la s t in g  one hour and ten  minutes to  f iv e  hours and 
tw enty^five m inutes. The everage d u ra tio n  was two and a h a l f  hou rs . 
F i f ty  o p e ra tio n s  l a s t e d  mere than th ree  hours.
W atter (1941) d e sc rib e s  h is  experiences o f  two thousand, one 
hundred and sev en ty -fo u r sp in a l a n ae s th e tic s  in  ten  y ears . There 
were s ix ty - s ix  a d m in is tra to rs ; the au tho r gave one thousand and 
seven ty-one. In  ad d itio n  th e re  were f i f ty - f o u r  cases in  which 
a n ae s th es ia  was not ob ta ined  in  s p i te  o f  su ccessfu l lumbar punctu re . 
He th in k s  th a t  eaqperience has nothing to  do w ith f a i lu re s  where 
puncture  i s  su cc e ss fu l. The cause o f f a i lu r e  l i e s  in  the agent 
i t s e l f .  Attempts a t  lumbar puncture  f a i le d  in  only  two p a t ie n ts .
Wilson (1934) on th e  o th e r  hand s ta te s  th a t  the  percen tage  o f 
f a i lu r e s  i s  in  p ro p o rtio n  to  the  s k i l l  and knowledge o f  the  
a n a e s th e tis t#
S ebrech ts (1934) i n s i s t s  th a t  ra c h i-s e n s it iv e  and ra c h i-  
r e s i s ta n t  p a t ie n ts  e x i s t ,  and th a t  th ese  c h a r a c te r is t ic s  are 
f a m il ia r ,  say ing  th a t he has operated  cm a man and h is  th re e  sons, 
a l l  o f  whom proved re f ra c to ry  to  sp in a l an aes th es ia . He t e s t s  h is  
p a t ie n ts  one hour befo re  o p e ra tio n  by g iv ing  them 1 co. o f  " sed o l11 
(morphia 0.01 gm. and scopolamine 0.0004 gnu and determ ines t h e i r  
l ik e ly  re a c tio n  to  the  sp in a l an ae s th e tic  by th e i r  reac tio n  to  
th is -b o ld -an d  awake, normal o r  very sleepy.
Wilson (1945) records conplete  f a i lu r e s  in  2$, but only  
in  h is  l a s t  400 cases. He b e liev es  f a i lu r e  must be due to
e n t i r e  e x tra -d u ra l  in je c t io n ,  and im perfec t r e s u l t s  to  th e  incom plete 
in je c t io n  o f  th e  drug. Blunt n e e d le s , blood d rip s  and slow d r ip s  should 
be r e c t i f i e d  b e fo re  in je c t io n  and th is  is  o f te n  he lped  by corkscrew ing 
th e  n eed le  a l i t t l e  fu r th e r  in . In  c o n tra s t  to  S ebrech ts he s ta te s  
th a t  th e  o p e ra to r  and no t th e  p a t ie n t  i s  a t  f a u l t .  " I t  i s  e a s ie r  to  
draw o f f  c e reb ro -sp in a l f lu id  than to  in je c t  a s o lu t io n , through th e  
same n e ed le , in to  the^subarachnoid sp ac e ."  I  agree w ith Wilson; the 
in c id en ce  o f  fa i lu re s ^ in  d i r e c t  p ro p o rtio n  to  the a b i l i t y  and 
experience o f  th e  ad m in is tra to r; and I  have never f a i l e d  to  g e t 
a n ae s th es ia  fo llow ing  su ccessfu l punctu re . Sometimes the an aes th es ia  
h as n o t been s a t i s f a c to r y ,  bu t th is  has always been when the agent 
had been p u t up in  o rd in a ry  g la ss  whose a lk a l i  had p a r t ly  f ix e d  the 
s o lu tio n . This d i f f i c u l ty  tro u b led  me a l i t t l e  in  my e a r l i e r  years  
and i t  re cu rred  in the  immediate post-w ar period  when I  could  no t 
g e t  p ro p e r ampoules. At th a t time I  was using the only  so lu tio n  
a v a ila b le ,  1 $  novocaine p u t up in  g la s s  b o t t le s .  Now and then the  
r e s u l t in g  an aes th es ia  was very poor.
Mr. E. G .R ., an obese p le th o r ic  European aged 29 y ears  was 
adm itted  w ith acu te  a p p e n d ic itis . In je c tio n  o f 1 cc. o f  1 $  novooaine 
so lu tio n  f a i l e d  to  g ive an aes th es ia  and was follow ed by g en e ra l 
a n ae s th es ia  -  open e th e r . With much d i f f i c u l ty ,  appendicectomy was 
c a r r ie d  o u t through a r ig h t  paramedian in o is ic n  and th e  would c lo sed .
He developed a h e rn ia  th ro u ^ i the s c a r  vfoich was su c c e ss fu lly  
re p a ire d  by f a s c ia l  s u tu re  th ree  months l a t e r .  This i s  th e  s o r t  o f  
case  th a t  argues i l l  f o r  sp in a l a n aes th es ia .
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PRTarertTRATTON
There i s  g en era l agreement th a t  a p a t ie n t  about to  have an 
o p e ra tio n  under g en era l o r  sp in a l an aes th es ia  should  be given  
some form o f  p rem edication . This serves tiro purposes; i t  a lla y 8 
apprehension and reduces th e  p a t ie n t  to  a more n e u tra l  s t a t e  -  
when he is  n e i th e r  a coward n o r a h e ro . I t  a lso  tends to  reduce 
th e  amount o f  a n a e s th e tic  req u ired  o r  to  p ro te c t  th e  p a t ie n t  
a g a in s t i t s  s id e - e f f e c ts .
My e a r ly  cases got morphia and a tro p in e . Q uite f ra n k ly  I  
gave th e  morphia to  calm th e  p a t ie n t  and th e  a tro p in e  in  case I  
had to  g ive  a general a n a e s th e tic . For a tim e I  om itted  th e  
a tro p in e  and gave morphia alone; bu t I  soon re tu rn ed  to  the  
combination and am convinced th a t  the ad d itio n  o f a tro p in e  reduces 
th e  inc idence  o f  nausea and vom iting.
P r a c t ic e  v a r ie s  from on ly  very  minimal doses o f  a sed a tiv e  
to  complete basa l an aes th es ia . H i l l  (1931) thought th a t  a tro p in e  
should be given to  every p a tie n t  undergoing sp in a l an aes th es ia ; 
th a t  morphia was a he lp  but depressed  th e  re s p ira to ry  c en tre  and 
th a t  a nervous p a t ie n t  should g e t muscular re la x a tio n  w ith sp in a l 
an aes th es ia  and unconsciousness w ith e th e r .
de Caux (1932) asks and answers the  question  "Why is  
prem edication given?" Because i t  p laces th e  p a t ie n t  in  a t r a n q u i l  
frame o f  mind, not on ly  on humane grounds although the  few hours 
p reced ing  an o p era tion  a re  o fte n  the  w orst from th e  p a t i e n t ’s 
p o in t o f  view; but on p h y s io lo g ica l grounds f o r  i f  tra n q u il  he 
re q u ire s  l e s s  a n a e s th e tic  and th e re fo re  makes a b e t te r  recovery .
H is p re fe ren ce  i s  fo r  pantopon and scopolamine. Tie l a t t e r  i s  th e  
German name fo r  p re p a ra tio n s  co n ta in ing  only la e v o - ro ta to ry  hyoscine . 
E x c ita to ry  symptoms are  due to  the d e x tro -ro ta to ry  form  th e  B r i t i s h  
fharm aoopia allow s. He is  c h ie f ly  concerned w ith prem edication 
f o r  g enera l an aes th es ia .
Sellman (19¥)) says th a t  p reo p e ra tiv e  m edication re l ie v e s  
an x ie ty  and in h ib i ts  psychic  shock; i t  a ids th e  course o f  a n a e s th e s ia , 
in s u la te s  th e  p a t ie n t  from sound and the r a t t l e  o f  instrum ents and 
th e  n o ise  o f  su c tio n  and l e t s  th e  surgeon t a lk  about th e  o p e ra tio n .
I t  ra is e s  th e  th re sh o ld  o f  lo c a l s tim u li th a t  cause re tch in g  and 
vom iting. The p a t ie n t  should be calm and drowsy but not stuporous.
She quotes SISE as d esc rib in g  th ree  s tag es:
a) where th e  p a t ie n t  is  oonscious but q u ie t and not apprehensive;
b) where c e n tra l co n tro l is  in h ib i te d , making h im jpestless,
f e a r fu l  and unco-operative. This s tag e  should be avoided.
c) where he i s  re laxed  and u su a lly  unconscious and amnesic.
E i th e r  a) o r  c) i s  good. S tage c) is  b est fo r  sp in a l o r  reg io n a l 
a n aes th es ia . L etharg ic  p a t ie n ts  respond to  sm all doses b e t te r  than 
th e  h ig h ly  nervous ones. She uses la rg e r  doses f o r  sp in a l than fo r
g en era l a n a e s th e s ia , g iv ing  pantopon g r . 3 /3  and scopolamine 
g r . 3/150 two hours befo re  sp in a l an ae s th es ia . She th in k s  moxphia 
causes re tc h in g , nausea and vom iting, e sp e c ia lly  when o p e ra tin g  
in  th e  upper abdomen, and quotes h e r  a n a ly s is  o f  two hundred 
h yste rec to m ies  and two hundred ch o lecy s tectond.es under sp in a l 
a n ae s th e s ia  in  support o f  t h i s  co n ten tion .
Wangeman and Hawk (1942) in v e s tig a te d  the  e f fe c ts  o f  m orphia, 
a tro p in e  and scopolamine in  human su b je c ts  and found th a t  th e re  
was a s l i g h t  e f f e c t  on th e  b lo o d -p ressu re  w ith  lowered p u lse  r a te .  
A fte r  th re e  to  f iv e  minutes th e re  was hunger pa in  and a sense o f  
m o t i l i ty  in  th e  ep igastrium , with a d e s ire  to  d e fa e c a te , which 
subsided in  ten  m inutes. F or a p e rio d  o f  twelve to  e ig h teen  hours 
attem pts to  change p o s i t io n  o r  to  g e t up produced nausea, which 
ceased when recumbency was resumed. Scopolamine produced v e r tig o , 
nausea, un stead in ess  in  g a i t ,  in a b i l i ty  to  remember what one had 
to  s$y and in a b i l i ty  to accommodate v is u a l ly  f o r  from te n  to  
twenty hours.
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ANAESTHESIA AT THE EXTREMES OF LIFE
My youngest su b je c t f o r  sp in a l a n ae s th es ia  was a tw en ty -th ree  
day o ld  male Chinese s u ffe r in g  from s tra n g u la te d  in g u in a l h e rn ia .
He recovered . O ther in fa n ts  upon whom I  have opera ted  under sp in a l 
a n ae s th es ia  are  two a t th re e  months ( f o r  in tu s sc e p tio n  and s trangu­
la te d  h e rn ia ) ;  one a t e ig h t months fo r  in tu ssu scep tio n  and one a t  
e leven months fo r  h e rn ia . A naesthesia  was p e r fe c t  in  a l l  o f  them 
and th ey  a l l  recovered.
At th e  o th e r  end o f  l i f e ,  I  have given sp in a l a n a e s th e tio s  
on 45 occasions to  p a t ie n ts  aged 65 and ov er in  t h i s  s e r ie s .  Of 
th ese  27 were given a t the age o f  70 o r  over. There have been 
th ree  d e a th s , a s ta b  wound o f th e  abdomen a t  65 , a s tra n g u la te d  
h e rn ia  a t  70 , and a cancer o f  th e  stomach a t 74*
B aird  (1943) analyses 461 p a t ie n ts  over 70 years  o f age to  
whom 673 an aes th e tic s  were adm inistered  f o r  acu te  and ch ron ic  
i l ln e s s e s .  These p a t ie n ts  varied  from good r is k s  ( i f  th a t  i s  
p o ss ib le  a t  the  age o f  70) to  almost moribund cases. D iscussing  
f a t a l  com plications, he s ta te s  th a t  th e  la r g e s t  percen tage 
in v o lv in g  the c i r c u la r  system follow ed when sp in a l an aes th es ia  
was g iven . On the o th e r  hand th e  m o rta lity  ra te  w ith sp in a ls  
(17) ou t o f  181) was the low est in  th e  s e r ie s  ap art from p en to th a l 
which was used only f o r  minor p rocedures. In  poor r i s k s ,  oyolO- 
propane co n trib u ted  to  a m o rta lity  o f  13*4^ compared w ith  6,7% 
where sp in a l an aes th es ia  was used. In  f a i r  r is k s  th e  f ig u re s  
were 6. 7$  and 3*01$>; in  good r is k s  3,1% o f deaths follow ed 
cyclo-propane and no deaths occurred where sp in a l an aes th es ia  
was used. He in s i s t s  on g e t t in g  th e  s e n ile  p a t ie n t  out o f  bed 
so  th a t  he can support h is  f a i l in g  system s. Shock m an ifests  
i t s e l f  e a r ly  and tends to  be severe in  the aged. The ju d ic io u s  
use o f  f lu id s ,  blood, plasma and oxygen i s  o f te n  th e  key-note o f  
su ccess , combined i f  necessary  w ith v itam in- and chemo-therapy.
D illon  (1947) re p o rts  909 a n ae s th e tic s  in  905 p a t ie n ts .
S p inal an aesth esia  was used in  507 ( 5 ^ )  b u t was not employed i f  
the blood p re ssu re  was over 180 m illim etres  o f  mercury. I f  the 
blood p re ssu re  f e l l  20 m illim etres  a f t e r  p rem edication , i f  the 
haemoglobin was le s s  than 12 grams, i f  d isease  o f  th e  c e n tra l 
nervous system e x is te d , o r  in  cases o f  recent shock5the  dosage 
was kep t sm all f  100 mgm. o f  p<rocain being the  maximum and 
in fre q u e n tly  used. S n a il doses o f  ephedrine were given 
p rev en tiv e ly . The an aes th es ia  was kept below th e  12th d o rsa l 
segment, and u n i la te r a l  where p o ss ib le . He i n s i s t s  oM the  
importance o f  supportive th e rap y , replacement and oxygen, the 
avoidance o f  b leed in g , and, should b leed ing  occur, i t s  replacem ent
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a t  th e  time o f  lo s s .  E a rly  m o b ilisa tio n  i s  im portan t. The d eath  
ra te  fo llow ing  sp in a l a n ae s th es ia  was low, being compared
w ith  1 4 » $ ,  14*3# and 1($ where in h a la tio n , reg iona l and 
r e f r ig e ra t io n  an aes th es ia  was used. One death  occurred  on th e  
t a b le ,  in  a p a t ie n t  who had a sp in a l a n a e s th e tic . The p a t ie n t  
showed no s ig n s  o f  blood p re ssu re  f a l l  o r  d i s t r e s s  but suddenly  
complained o f  p a in  in  th e  ch est and d ied . No autopsy was 
perforated and t h i s  was p robab ly  a Hcoronary  ep isode”.
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SPINAL ANAESTHESIA IN HEART DISEASE
B elin k o ff (1946) d iscu sses  th e  choice o f  an ae s th e s ia  in  coronazy 
d isea se  in  decompensation and h y p erten sio n . In  coronary a r t e r i a l  
d isea se , he recommends p ie -o p e ra tiv e  sed a tio n , -  e r r in g  s l ig h t ly  o f  th e  
s id e  o f  to o  much, -  the use o f  p le n ty  o f oxygen and th e  avoidance o f  
overload ing  w ith in fu s io n s . He s ta t e s  th a t  sp in a l an aes th es ia  i s  
u su a lly  c o n tra - in d ic a te d  on account o f th e  l i a b i l i t y  to  sudden f a l l  
in  blood p re s su re . I f  sp in a l an aes th es ia  i s  diosen he i n s i s t s  upon 
th e  use o f  p re s so rs  and 10($ oxygen. In  decondensation he says the  
choice is  sp in a l an aes th es ia  and qu o tes, S am o ff and P a rr  (1944) who 
used sp in a l an aes th es ia  in  th e  trea tm en t o f  severe  c a rd iac  f a i l u r e  
w ith  pulmonary oedema where i t  a c ts  as a b lood less  phlebotomy. He 
d e sc rib e s  h y p erten siv e  d isea se  under two types -  where the  s y s to l ic  
p re ssu re  a lone i s  ra is e d  and where both s y s to l ic  and d ia s to l ic  
p re ssu re  a re  ra is e d . The d ia s to l ic  r i s e  i s  more s ig n i f ic a n t  s in ce  
the coronary a r t e r i e s  depend on i t  f o r  t h e i r  blood supply. In  those 
w ith  a h igh  d ia s to l ic  p re ssu re  sp in a l an aes th es ia  i s  c o n tra -  
in d io a te d  f o r  any in tra-abdom inal o p e ra tio n , where a sharp f a l l  in  
blood p re ssu re  might be a n tic ip a te d  but i t  i s  s a fe  f o r  o th e r  
procedures. He considers i t  w ise to  adm in ister 100^ oxygen, 
i n s i s t s  upon u rin e  an a ly s is  and blood chem istry  and adv ises sp in a l 
an aes th es ia  where th e re  is  much kidney damage.
Reid (1941) adv ises adm in istering  vitam in  B complex in  c a rd ia c  
oases, and the  avoidance o f  i r r i t a t i o n  to  the re s p ira to ry  tra c t*  At 
the  menopause adequate o e s tr in  should be g iven . Grant White (l937 ) 
i s  o f  opinion th a t  p a t ie n ts  w ith c a rd io -v a sc u la r  d isea se  do w ell i f  
p le n ty  o f  oxygen is  adm inistered  and he regards sp in a l an aes th es ia  
as being su ita b le  f o r  th ese  c a se s , and a lso  in  cases o f re s p ira to ry  
and re n a l d is e a se , to x ic  g o i t r e  and a c id o c tio  s t a t e s .  On th e  o th e r  
hand M orrison (i9+8 ) reviews 701 o p e ra tio n s  on 478 p a t ie n ts  in  a 
p e r io d  o f  ten  years and concludes, ttNo s in g le  a n a e s th e tic  agent ia  
d e f in i te ly  su p e r io r  fo r  p a t ie n ts  w ith  h e a r t  d ise a se . However, i t  
seems th a t  lo c a l an aes th es ia  should be used i f  f e a s ib le ,  and sp in a l 
an aes th es ia  avoided i f  p o s s ib le . M
SPINAL ANALGESIA BOR THERAPY
PULMONARY OEDEMA.
S am o ff and P a rr  (1944) quote R o ste r (1928) as saying "sp in a l 
an ae s th e s ia  has th e  e f f e c t  o f  a b lo o d less  phlebotom y," and a f t e r  
d isc u ss in g  th e  mechanism o f  the p roduction  o f  pulmonary oedema say  
th a t  sp in a l an aes th es ia  d im in ishes venous re tu rn  to  a g re a te r  e x te n t 
than any o th e r  known means, and w ithout reducing the c e l l  count o r  
haemoglobin p ercen tage . The e f fe o t can be achieved by continuous 
sp in a l a n ae s th es ia  o r  in je c t io n  could be repeated  as in d ic a te d .
They rep o rt th re e  cases who improved ra p id ly  under sp in a l a n a lg e s ia .
THYROID DISEASE.
Although i t  i s  p o s s ib le  to perform  th e  o p era tio n  o f th y ro id eo - 
tomy under sp in a l a n ae s th e s ia , few people  would consider th is :  th e  
a n a lg e s ia  would have to  include segments two to  fo u r  o f  the c e rv ic a l 
cord . Spinal an aes th es ia  has been used with b e n e f it  in  cases o f 
hyperthyro id ism . Arguing th a t  adrenal h y p e ra c tiv i ty  p lays a conspi­
cuous p a r t  in  th e  syndrome o f  hyperthyroidism ; and th a t  i f  ad renal 
a c t i v i ty  and output can be reduced by sp in a l an aes th es ia  up to  the 
fo u r th  d o rsa l segment, cases have been d escribed  o f i t s  use (a) to  
t r e a t  p o s t-o p e ra tiv e  th y ro id  storm and (b) to  f o r e s t a l l  the occurrence 
o f  sev ere  immediate p o s t-o p e ra tiv e  re a c tio n s .
Thus Rea (1944) used i t  to  in h ib i t  ad renal m edullary re le a se s  
during  o p e ra tio n , and d e sc rib e s  i t s  use in  "tw enty c ase s , w ith  r e a l  
s a t i s f a c t io n " .  He d esc rib e s  h is  f i r s t  case in  d e ta i l  and p o in ts  out 
th a t  o p e ra tio n  had been attem pted in  the usual way and abandoned 
a f t e r  the  platysm a was ou t. O peration l a t e r  on w ith sp in a l 
an aes th es ia  re s u lte d  in  a smooth p o s t-o p e ra tiv e  course where o th e r  
measures had f a i le d  to  g e t the  b asa l m etabolic  ra te  below p lu s - s ix ty  
a t  any tim e. Spinal an aes th es ia  was induced by p ro ca in  in  doses o f  
e ig h ty  m illigram s to  one hundred and twenty m illig ram s. No p re s so rs  
were used and i f  the blood p re s su re  f e l l  the p a t ie n t  was p u t in to  
Trendelenburg*s p o s it io n  and given in travenous f lu id s .
Knight (1945) d e sc rib e s  a s im ila r  case  where the f i r s t  
a ttem pt was abandoned, the  p a t ie n t  having a r i s e  in  blood p re s su re .
A second attem pt th ree  months l a t e r  was su cc e ss fu l, th e  p a t ie n t  
being  g iven  75 m illigram s o f p rocaine in  the second lumbar 
in te r - s p a c e , w ith an aes th es ia  up to  th e  th i r d  in te r c o s ta l  space.
Campbell, Crane and Sankey ( i9 f7  ) d iscu ss  th ese  cases.
While most cases o f  to x ic  g o i t r e  can be managed w ithout r e s o r t  to
sp in a l a n a e s th e s ia , th e re  a re  oases which show too much 
h y p e ra c tiv i ty  in  s p i te  o f  heavy sed a tio n  and b a sa l anaesthesia*  
and f o r  th ese  s p e c ia l ly  ac tiv e  cases they  use heavy sed a tio n  and 
i f  n ecessa ry , sp in a l an a lg e s ia .
T h e ir  p lan  i s  to g ive p h en o b arb ita l 4J- g r. morphia g r . i  
and scopolamine g r . l/lQO  p re -o p e ra tiv e ly . I f  the  p u lse  i s  
above 120 on a r r iv a l  in  th e  o p era tio n  th e a t r e ,  p en to th a l and 
oxygen are g iven . I f  th e re  i s  l i t t l e  o r  no tendency f o r  th e  
p u lse  to  slow down and i t  i s  decided to  prooeed w ith th e  o p e ra tio n , 
sp in a l an aes th es ia  i s  considered . They do no t quote any oases 
o r  say what agent they  use, remarking th a t  ?Phe lo n g e r-a c tin g  
drugs are b e s t .  n
PSRIHiERAL ARTERIAL EMBOLISM.
Raymond Daley (1943) rep o rts  two cases in  which th e  embolus 
passed on fo llow ing  the  p roduction  o f sp in a l a n a e s th e s ia , and he 
suggests  th a t  you should  give sp in a l an aes th es ia  in  th e  ward, 
leav e  th e  p a t ie n t  f o r  h a l f  an hour and then determ ine i f  th e  
embolus has passed  on to  a f re sh  s i t e  where gangrene w il l  no t 
fo llow  and o p era tion  becomes unnecessary.
Agar (1943) d e sc rib e s  f iv e  cases, fo u r  o f whom had sp in a l 
an aes th es ia . The th i r d  case had two emboli removed bu t the 
a n a e s th e tic  i s  no t s ta te d . I f  th e  embolism does not pass on to  
a "sa fe"  a rea , embolectony can be c a r r ie d  ou t under the  sp in a l 
an a lg es ia .
GASTRO-INTESTINAL ADRALASIA. (Cardio-spasm: co n g en ita l megacolon).
M aigaret Hawksley (1944) p o in ts  out th a t  sp in a l an aes th es ia  
was f i r s t  advocated in  oases o f  Megacolon by S tab in s , Morton and 
S c o tt in  America and says th e  l i t e r a tu r e  i s  s tra n g e ly  s i l e n t  on 
the  im portan t m atter o f  high sp in a l an aes th es ia . The an a lg es ia  
must reach the s ix th  th o ra c ic  a n te r io r  ro o ts . (Gray*s anatomy 
suggests th a t  you should a n a e s th e tise  from Thoracic f iv e  to  
lum bar th re e  in c lu s iv e ) . She says the  t e s t  should  be no t by 
a n ae s th es ia  bu t by motor p a ra ly s is ,  as i t  is  the a n te r io r  ro o ts  
th a t  must be a ffe c ted . She d esc rib es  i t s  use in  twelve cases o f  
whom s ix  go t one in je c t io n ,  f iv e  had two in je c tio n s  and one had 
th re e  in je c t io n s . She c la s s i f ie s  s ix  as "cured" f iv e  as "improving" 
and one as "no b e t te r " .  I  re c e n tly  t r e a te d  a case on fo u r  
ocoasions a t  in te rv a ls  o f ten  to  tw en ty -th ree  days. The immediate 
e f f e c t  i s  dram atic , e sp e c ia lly  i f  you pass a r e c ta l  tu b e , the 
abdomen ra p id ly  d e f la t in g  before  the eyes. Although I  t r i e d  to  
g e t th is  c h ild  brought to  h o sp ita l f o r  fo llow -up, I  l o s t  s ig h t o f  
i t  and do no t know the u ltim a te  r e s u l t .  A ird (1948) s ta t e s  th a t
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in  many c e n tre s  o f  c h ild re n ’s su ig e ry  recu rren ce  o f  symptoms a f t e r  
sympathectomy and lumbar puncture  has been so u n iv e rsa l th a t  th e re  
i s  a lread y  a tre n d  towards oolectony; and he re p o r ts  a case  o f suoh 
f a i lu r e  follow ed by su ccessfu l colectomy.
T e lfo rd  ( >9:59 ) claim s rem arkably good r e s u l t s  from sp in a l 
an aes th es ia  in  fo u r  cases ( th ree  boys and one g i r l ,  whose ages v a ried  
from n ine  to  th i r te e n  y e a rs ) . His an aes th es ia  reached the  th i r d  
d o rsa l segment in  ev e iy  case. He s ta t e s  th a t  ,!the tem porary 
p a ra ly s is  has caused th e  two h a lves o f  the  autonomic nervous system 
to  come again in to  s tep " .
Hewer (1946) says th e  ra tio n a le  in  megacolon and mega-oseophagus 
i s  the p o s s ib i l i ty  o f  renewed "step "  in  th e  autonomic nervous system.
S a m o ff , Arno wood and Chapman ( i9 ^ e )  d esc rib e  t h e i r  technique 
f o r  in v e s t ig a tio n  o f  in te s t in a l  d y sk in es ia , co lo n ic  atony and v is c e ra l  
a f fe re n t f ib r e s  by the subarachnoid ad m in is tra tio n  o f  a la rg e  volume 
o f a d i lu te  so lu tio n  of p io ca in e  hydroch lo ride  (0 .2$). T his is  
d e liv e red  from an e lev a ted  le v e l l in g  bulb through a c a l ib ra te d  d r ip p e r  
to  an in ly in g  need le  in  the  th i r d  lumbar in te rsp a c e . The optim al 
i n i t i a l  dose i s  s ix teen  o .o s . in  about fo u r m inutes. The d r ip  i s  then 
continued a t  th e  r a te  o f  s ix te en  drops p e r  m inute u n t i l  the d e s ire d  
block i s  acco m plished  and then  s e t  a t  th a t  r a te  which w ill  m ain ta in  
th e  b lock  u n t i l  i t  is  no lo n g e r requ ired . Such a so lu tio n  oan 
produce a sym pathetic block and a block o f  the  f ib r e s  concerned w ith  
p in -p r ic k  sen sa tio n  w ithout g ro s s ly  a f fe c t in g  touch, p o s it io n  sen se , 
v ib ra to ry  sense, o r  motor power. They use a fo u r -  ba lloon  in te s t in a l  
tube and d esc rib e  seven cases in # iic h  t h e i r  fin d in g s  suggested  th a t  
sympathectony would be e f fe c t iv e  -  repeated  p e r i s t a l s i s  and 
evacuation  o f  g as, w ith a f a l l  in  th e  abdominal g i r th .  Case s ix  seems 
to  have shown th a t  f ib r e s  carry ing  im pulses concerned with th e  sensa­
tio n s  o f in te s t in a l  d is te n s io n  are no t in flu en ced  by th a t  co n cen tra tio n  
o f  p roca ine  -which is  capable o f  blocking sym pathetic e f fe re n t  and 
p in -p r ic k  f ib r e s .  This was confirm ed in  case seven. The response 
i s  b e liev ed  to  be more s p e c if ic  than th a t  o f  conventional sp in a l 
b lock . They suggest th a t  v iscero -m oto r f ib r e s  a re  o f about tiie  same 
s iz e  and degree o f  m yelen isation  as o th e r  sym pathetic e f f e re n ts .  
V isce ra l a f fe re n ts  would seem to  be la r g e r  and more h e a v ily  m yelinated.. 
B e l ie f  i s  no t due to  blocking o f  a f fe re n ts  concerned w ith th e  
sen sa tio n  o f  d is te n s io n . I t  i s  im portant no t to  g ive moxphia and 
scopolamine -  indeed you should w ithhold a l l  m edication when 
attem pting  to  augment in te s t in a l  tra n sp o r t by means o f  sp in a l 
analgesia*
SPTKAL ANA5STHB5IA IN GSRTAIN SPECIAL SURGICAL PhOGBDURBS
There a re  many re p o r ts  o f  the  use o f  sp in a l a n ae s th e s ia  in  th e  
s u rg ic a l s p e c ia l t i e s ,  f o r  example in  th o ra c ic  su rg e ry , o b s te t r ic s  
and o rth o p aed ics . In  an e x tra o rd in a ry  paper, K o ste r and Kaaman 
(1929) d iscussed  sp in a l a n ae s th es ia  f o r  th e  head , neck and th o ra x , 
and i t s  re la t io n  to  re s p ira to ry  p a ra ly s is .  In  th e  p rev ious one 
and a h a l f  years they had extended t h e i r  use o f  th i s  method to  
in c lu d e  AtJ. o p e ra tio n s  above the diaphragm except sh o rt t r i v i a l  ones 
in  ambulant cases; and they now re p o rt t h e i r  experience o f  o v er 
seven hundred and f i f t y  complete body a n aes th es ia s l They encountered 
no se r io u s  re s p ira to ry  o r  ca rd iac  embarrassment and th in k  the 
a n aes th es ia  should be made to r is e  to ,  and no t be preven ted  from 
r i s in g  to , the m edulla. They give t h e i r  dosages from th e  age o f  
under two and upwards. They say the method i s  " fo o l-p ro o f"  and 
th a t they  use i t  as ro u tin e  f o r  operations on the m astoid p ro cess .
"In over two hundred and f i f t y  out o f fo u r  thousand f iv e  hundred 
cases the  a n a e s th e t is t ,  whose only duty  is  to  record  the b lood- 
p re ssu re  and re s p ira t io n  during  th e  e n t i r e  su rg ic a l p rocedure, 
n o t i f ie d  us th a t i t  was im possible to  secure  a b lood -p ressu re  
read ing  w ith the manometer. Of l a t e ,  when we rece iv e  such in fo rm atio n , 
no th ing  i s  advised. Our experience has taught us th a t  u lt im a te ly  
the p re s su re  w il l  re tu rn  and no untoward e f f e c t  be occasioned as 
long as the  p a t ie n t  remains in  the Trendelenburg p o s i t io n ."  I  th in k  
th a t  t h e i r  courage is  eq u alled  only  by t h e i r  fo o lh a rd in e ss . I  would 
be very w orried  indeed i f  I  were informed th a t no b lo o d -p ressu re  
could be recorded; and the method c e r ta in ly  cannot p o ss ib ly  be 
" fo o l-p ro o f" . There is  ju s t  no form o f an aesth esia  to which th is  
term can be applied .
Lewis (1936) says tha t sp inal anaesthesia is  the id e a l in  
b i l a t e r a l  lobectomy fo r  b ronchiectasis and describes a case in  which 
he c a r r ie d  th is  out a f te r  an in te rv a l of e igh t weeks.
M agill (1936) agrees th a t sp inal an aes th es ia  " is  a sa fe  and 
p r a c t ic a l  procedure f o r  low er thoracox^lasty  and lobectoay" and 
quotes tw en ty -th ree  cases , using Jo n es ' technique. He s ta te s  th a t  
you need the p a t i e n t 's  co -operation  and should keep th is  in ta c t .
I t  up sets  p rev ious conceptions about p o s i t iv e  p re ssu re  in  th e  
presence o f  open pneumothorax. The p a t ie n t  is  u su a lly  ab le to  
b rea the  q u ite  w ell and oxygen is  r a re ly  needed fo r  cyanosis. The 
cough re f le x  remains a c tiv e  throughout and sputum is  voided w ith 
reasonable ease . There is  u su a lly  a f a l l  in  b lood -p ressu re  bUt 
th is  causes no anx ie ty  and i t  i s  s ig n if ic a n t  th a t the f a l l  i s  n o t 
so high as in  upper abdominal o p e ra tio n s . Retching i s  almost absen t.
Edwards (1939) in  a c r i t i c a l  review o f  tumours o f  th e  lu n g , 
s ta t e s  "The g re a t m a jo rity  o f  pneumonectomies have been done under 
g enera l a n ae s th e s ia , using  e i th e r  p o s i t iv e  phaiyngeal o r
in t r a t r a c h e a l  p r e s s u r e ............................ In  t h i s  countzy, a
co n sid erab le  number o f lobectom ies and pneumonectomies have been 
c a r r ie d  out under sp in a l an aes th es ia ,w ith  most s a t i s f a c to r y  
r e s u l t s . "  P e rca ine  in  1: 1,500 so lu tio n  was the  ru le , w ith 
c o n s is te n t an aes th es ia  to  the  th i r d  th o ra c ic  segment.
Gowar (1941) in  a c l in ic a l  and experim ental s tudy  of th e  
p o s t-o p e ra tiv e  com plications o f  pulmonary lobectomy, concluded 
th a t  c o lla p se  was more common when sp in a l an aesth esia  was used*
Bourne e t  a l i a  (194-2) d esc rib e  t h e i r  r e s u l ts  in  th o ra c o p las ty . 
One hundred p a t ie n ts  had two hundred and eigh ty -tw o  o p e ra tio n  under 
sp in a l an aes th es ia  w ith n in e  d ea th s , fou r o f which were due to  th e  
a n a e s th e tic . Twenty-nine had s ix ty - f iv e  o p e ra tio n s  under o th e r  
an aes th es ia s  w ith e ig h t d e a th s , none o f  whioh was due to  th e  
a n a e s th e tic . There were few er p o s t-o p e ra tiv e  com plications 
r e s u l t in g  in  death  follow ing sp in a l an aes th es ia .
Hewer (1946) says th a t  the opinion is  now g e n e ra lly  h e ld  th a t  
coughing i s  n e a rly  always harm ful in  th o ra c ic  su rgery . I t  oan n ev er 
be com pletely  e f fe c t iv e  w ith th e  p a t ie n t  ly in g  on h is  sound s id e  
and w ith a mobile ch est w all o r  open pnemothorax. I t  tends to  
spread in fe c tio n  and i f  prolonged lead s  to  a marked d e te r io ra t io n  
in  th e  p a t i e n t 's  con d itio n .
SPINAL ANAESTHESIA BOR GEM TO-URINARY SURGERY
H a rr is  (1939) says th a t  f o r  cystoscopy the  choice a t  S a in t 
P e te r ’ s H o sp ita l f o r  Stone is  low s p in a l ,  because the p a t ie n t  i s  
s t i l l  conscious o f  over*-distension and th is  i s  o f value to  the  
surgeon to  avoid b leed ing . The sen sa tio n  i s  abo lished  i f  
an aes th es ia  reaches the  e leven th  th o ra c ic  segment.
Andre (1942) quotes Woodbridge (1940) as saying  th a t  sp in a l 
an aes th es ia  has no harm ful e f f e c t  upon the  kidney. For q?e r a t  ions 
on th e  k idney, sp in a l an aesth esia  is  u su a lly  b e s t. For suprapubic 
p rosta tec tom y , she adv ises  low sp in a l w ith sm all dosage in  
youngish and g o o d -risk  o ld e r su b je c ts . In  the  more aged, she 
recommends lo c a l  an aes th es ia  w ith a supplement. For sh o rt p ro cedures, 
f o r  example cystoscopy, she adv ises in travenous b a rb i tu ra te s .
Harbord (1943) re p o rts  n in e ty -fo u r  cases o f p ro s ta teo to n y  under 
in t r a th e c a l  novocaine, o f which seven ty  e ig h t were p e rso n a lly  
conducted. The average age was s ix ty - fo u r  y e a rs . Seventy-seven were 
adm itted  w ith acute re te n tio n . S ix  p e r cent were u n s a tis fa c to ry  
and req u ired  supplem ent. F o r ty - th re e  p e r cent had a f i r s t - s t a g e  
o p e ra tio n , u su a lly  under lo c a l an aes th es ia . The dosage o f  
novocaine was u su a lly  one hundred m illig ram s. These were a l l  
p o o r- r isk  cases.
B i t te r ic k  (1945), in  a no t very convincing paper, advises 
sp in a l an aesth esia  fo r  u ro lo g ica l procedures below the um bilicus; 
and th a t ,  e sp e c ia lly  in  the  aged, i t  is  no t sa fe  above th is  le v e l .
A ll ny g e n ito -u r in a ry  o p e ra tio n s  and most o f  my d ia g n o stic  
cystocop ies are  c a r r ie d  o u t under sp in e l anaesthesia#  A word o f 
warning i s  necessary  when doing re tro g rad e  pyelography w ith  th is  
method no t to  in je c t  much opaque f lu id ,  o therw ise  ther^La a danger 
o f  d i la ta t io n  o f  the  ren a l p e lv is  and c a ly c e s , w ith subsequent 
se r io u s  haemorrhage and the p a in fu l passage o f  u re te ra l  c a s ts  o f  
b lo o d -o lo t.
I  have perform ed p rosta tec tom y eleven tim es under sp in a l 
an aes th es ia . A ll eleven recovered. The o ld e s t was 76 y e a rs  o f  
age.
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SPINAL ANAESTHESIA IK ORTOOPABIffC SURGERY
Rapqport (19A1) says th a t  moat o r th o p a e d is ts  p re fe r  g en e ra l 
an aes th es ia  because the o p e ra tio n s  are o f te n  lo n g , and hammering, 
c h is e l l in g  and sawing d is tu rb  th e  p a t ie n t .  The o rthopaed io  ta b le  i s  
no t u su a lly  s u i ta b le  f o r  a l te r a t io n s  in  p o s tu re  and b e s id e s , changes 
in  p o s itio n  are not good f o r  p a t ie n ts  under sp in a l anaesthesia*  He 
s t a t e s  th a t  in  h is  s e r ie s ,  o n ly  th re e  hundred and six ty -tw o  out o f  
fo u r  thousand th re e  hundred and fo r ty  cases receiv ed  sp in a l anaesthe­
s i a ,  bu t th in k s  a much la r g e r  number would be b en efited  by i t .
Wardle (1945) says th a t  f o r  f ix a tio n  o f  f r a o tu re s  o f  th e  fem oral 
neck by p in  and g r a f t ,  you re q u ire  an a n a e s th e tic  fo r  aged p a t ie n ts  
which i s  s a fe , l a s t s  an hour o r  more, produces no shock and le a v e s  
no se rio u s  a f t e r - e f f e c t s ,  p a r t i c u la r ly  in  the c h e s t. The id e a l h as 
been found in  hypobaric  nupercaine (1 : 1500) fo llow ing  prem edication  
w ith omnopon and scopolamine. " I f  th e  blood n o n -p ro te in  n itro g en  i s  
not over 45 nig. fo and th e  blood p re ssu re  is  s teady  over two o r  th ree  
days, i t  can be given w ith s a f e ty  w hatever the p a t i e n t ’s ag e ."
Nitikman ( ) d esc rib es  th e  use o f  nupercaine , in  1:1500
so lu tio n  in  one hundred and f i f t y  cases who underwent o p e ra tio n s  on 
th e  v e r te b ra l column* The in je c t io n  was perform ed in  th e  pxone 
p o s i t io n , which i s  the o p era tin g  p o s it io n . The o p e ra tio n s  la s te d  
from one hour and ten  minutes to  f iv e  hours and tw en ty -fiv e  m inu tes , 
the  average being two and a h a l f  hours. In  f i f t y  p a t ie n ts  the  
o p era tio n  la s te d  more than  th re e  hours. There were s ix  f a i lu r e s  
and in  ad d itio n  an ad d itio n a l in je c tio n  was given in  seven p e r  cen t 
o f  cases* She was s a t i s f i e d  w ith  the  e f f e c t s .
In  th e  few cases o f  p inn ing  I  have done and in  a l a r g e r  number 
o f  in te r t ro c h a n te r ic  osteo tom ies I  have perform ed on aged p a t ie n ts  
w ith f r a c tu re s  o f  th e  fem oral neck , I  have been w ell s a t i s f i e d  w ith  
sp in a l a n aes th es ia . By my method, th e  Trendelenburg p o s it io n  is  
unnecessary  in  th e se  cases9 and th e  procedure and subsequent 
p la s t e r  a p p lic a tio n  are  e a s i ly  c a r r ie d  ou t on a Hawley tab le*
SPINAL ANAESTHESIA POR OPERATIONS OH THE RECTUM
Bacon (1941) favours "lumbar" an aes th es ia  (by in t r a th e c a l  
in je c tio n )  in  a n o -re c ta l co n d itio n s  fo r  o p e ra tio n s  l a s t in g  up to  
one and a -h a lf  hours.
W ilkinson (1942) used combined p ro ca in e  and nupercaine s p in a l  
an aes th es ia  f o r  abdom ino-perineal re se c tio n  o f the rectum, th e  
form er p receding  the l a t t e r  by a p e r io d  o f two m inutes. There were 
no deaths o r  re s p ira to ry  embarrassment. Success was complete 
in  tw en ty -e ig h t cases. Pour req u ired  supplem entary n itro u s -o x id e -  
oxygen towards th e  end. One f a i lu r e  req u ired  cyclo-propane and 
e th e r .
Bowman (1946) i s  s a t i s f i e d  w ith  sp in a l a n aes th es ia  using  
novocaine c ry s ta ls  in  th e  p a t i e n t ’s own ce reb ro -sp in a l f l u i d ,  th e  
in je c t io n  being given in  th e  s i t t i n g  p o s i t io n ,  f o r  haem orrhoids, 
f i s s u r e s ,  f i s t u l a e  e t c e te ra . He uses on ly  25 mg.. I  regard  
th e se  co n d itio n s  as an ab so lu te  in d ic a tio n  f o r  sp in a l an ae s th es ia  
in  sm all dosage, i r r e s p e c tiv e  o f  th e  age o r  co n d itio n  o f  the 
p a t ie n t .  In v o lv in g , as they  do, o n ly  th e  low est (s a c ra l)  segments 
o f  th e  co rd , they  are  id e a l f o r  a heavy so lu tio n  which can be 
l im ite d  to  th i s  area.
SPINAL ANAESTHESIA IN 0BSTGTRI03.
Spinal an ae s th e s ia  in  o b s te t r ic s  can be used f o r  vag inal 
d e l iv e ry  o r  fo r  Caesarean s e c tio n . D e-lee and G re en h ill s t a t e  
th a t  sp in a l an ae s th es ia  i s  the most dangerous form  o f  a n ae s th es ia  
f o r  pregnant women, the  theory  being th a t  in  the  bearing  down s ta g e , 
the  an aes th es ia  f lu id  i s  fo rced  up to  the m edulla. This view is  
supported  by F.B. M allinson (1938) who d e sc rib e s  a f a t a l i t y  in  an 
obese p a t ie n t  "with s ix  weeks’ amenorrhoea and s l ig h t  b leed ing  f o r  
the  l a s t  ten  days". The p re -o p e ra tiv e  d iagnosis was rup tu red  
e c to p ic  g e s ta tio n . The p a t ie n t  showed d ep ress io n , p a l lo r  and 
cyanosis a f t e r  45 m inutes. The an aes th es ia  used was 14 o .o . o f 
1 in  1,500 p erca in e  in  th e  th i r d  lumbar spaoe, th e  p a t ie n t  s i t t i n g  
by E therington-W ilson*s technique f o r  40 seconds. She receiv ed  
ephedrine g r . l j .  No mention i s  made o f the p re p a ra tio n  i t s e l f ,  
o f th e  le v e l of anaesth esia  ob tained  o r  o f  b lo o d -p ressu re  reco rd s.
He suggests th a t  pregnancy makes a p a t ie n t  r a c h i- s e n s i t iv e  to  
sp in a l a n aes th es ia . The p a t ie n t  was p u t from the  Trendelenburg 
p o s it io n  to  the head up p o s it io n  fo r  r e s u s c i ta t io n ,  in  s p i te  o f  
the  f a c t  th a t  a l ig h t  so lu tio n  was used. The a r t i c l e  suggests th a t  
la ck  o f  f a m i l ia r i ty  w ith th e  method i s  more to  be blamed fo r  th e  
f a t a l i t y  than the method i t s e l f .
Cullen and G r if f i th  (1947) d iscuss a s e r ie s  of 200 d e l iv e r ie s  
under sp in a l an aesth esia ; and 200 under gas and oxygen. The sp in a l 
a n ae s th es ia  technique is  to  g ive  5 to  6 c. c. o f 3$ p rocain  so lu tio n  
w ith th e  p a t ie n t  in th e  l a t e r a l  p o s i t io n . The p a t ie n t  i s  l i f t e d  to  
the  sp in a l p o s it io n  fo r  5 m inutes and then pu t in to  the  litho tom y  
p o s it io n  f o r  d e liv e iy . Those showing signs o f nervousness (43$) 
go t cyolo-propane. The o th e r  r e s u l t s  showed 20$ o f  headaches in  th e  
m other in  each s e r ie s .  Few cases o f  severe headache occurred; th e re  
were some nausea and vom iting in  20$ o f  the gas cases. Only a l ig h t  
nausea and vomiting ra re ly  occurred in  sp in a l an aes th es ia . There 
were no lung com plications o r  o th e r  e f f e c t s ,  except in  case number 
84> who complained of headache and b lu rred  v is io n  s ix  hours l a t e r .  
V ision was almost normal a f t e r  24. hours and complete reoovery  took 
p lace  in  48 hours. The c h ild  always showed b e t te r  spontaneous 
r e s p ira t io n  when sp inal anaesthesia  was used. The o b s te t r ic ia n  
noted a minimal amount of bleeding in  th e  sp in a l an aes th es ia  s e r ie s  
and s a id  the  low lo s s  was "phenomenal", the average lo s s  being 
170 c. c. compared w ith 280 c. c . in the gas s e r ie s .  In  a few oases 
the  u te r in e  co n trac tio n s  seemed dim inished and req u ired  th e  h ig h e r  
a p p lic a tio n  of fo rcep s. They concluded th a t sp in a l an aesth esia  
o ffe rs  safe  r e l i e f  from p a in  in  vaginal d e l iv e r ie s ,  th a t the r e s u l t s  
are  b e s t i f  the  dose i s  small and th e  so lu tio n  d i lu te ,  th a t  spontaneous 
re s p ira t io n  and oxygenation o f the c h ild  are  in c re ase d , th a t  b leed ing  
i s  l e s s ,  and th a t headache is  no more freq u e n t, but may be mors 
d is t r e s s in g .
Salb and M ueller (1946) t r i e d  sp in a l an aes th es ia  (p rooain  
50 mgm.) in  250 cases o f  vaginal d e liv e ry . 11 were m u lt ip a r t ,  th e  
r e s t  were p rim ip ara . 206 were fre e  from p a in . C o n trac tio n s  
continued b u t th e re  was no bearin g  down o r  use  o f  th e  accessory  
powers o f  lab o u r. The a n aes th es ia  la s te d  50 to  70 m inutes and gave 
enough tim e f o r  d raping  e tc .  , the  a p p lic a tio n  o f fo rceps and re p a ir  
o f ep isio tom y. The lo s s  of blood was estim ated  to  be l e s s ,  ( i t  was 
not m easured). They found d i f f i c u l ty  in  perform ing in t r a - u te r in e  
manoevres, f o r  example in  th e  th re e  cases in  which th ey  had to  
e f fe o t  manual removal o f the p la o en ta . Two in fa n ts  were s t i l l  born . 
The f i r s t  was a 3 lb s  7 oz twin o f  a s y p h i l i t ic  mother; the  second 
weighed 5 lb s  3 oz but was a lso  s y p h i l i t i c .  They s t a t e  th a t  
e c lam p tic s , p re -eo lam ptics  and n e p h r it io s  are more s a fe ly  d e liv e red  
under sp in a l an aes th es ia  than under any o th e r  form of an aes th es ia . 
They a lso  s t a t e  th a t  i t  is  s a f e r  where o th e r  d is e a s e s , fo r  example 
d ia b e te s ,  com plicate pregnancy.
Cosgrove e t A lia  (1937) d esc rib e  2,789 oases in  y e a rs  under 
sp in a l a n a e s th e s ia , using novocaine in a maximum dose of 150 mgm.
2$ were com pletely  n o n -e ffe c tu a l and 6 . 4$ were supplem ented on 
account o f  th e  d u ra tio n  o f  labour. They had to  rev iv e  two, one 
almost im m ediately and one a f t e r  33 m inutes. Headache occurred  in  
17$ o f  th e  cases whiah th ey  compared with 3-3$ under g en era l 
an aes th es ia  and 2.7$ where no a n a e s th e tic  was used. In  h a l f  o f  th e  
oases the headache was severe  but d id  n o t l a s t  beyond one week.
They reco rd  sp in a l an aesth esia  as the most prompt and l e a s t  tim e 
consuming, th e  sim plest to  app ly , and the  most e f f ic ie n t  form o f 
an aesth esia  in  o b s te t r ic s ;  th e re  is  le s s  post-partum  tro u b le , le s s  
b leeding  and u te r in e  tone remains good. I t  i s  s a f e s t  fo r  the 
com plications o f pregnancy, in c lud ing  d ia b e te s  nhich alone earns i t  
i t s  p lace  in  o b s te t r ic s .  In  th e  s e r ie s  244  sec tio n s  f o r  d e l iv e ry  
were perform ed under sp in a l a n ae s th e s ia , w ithout immediate o r  remote 
m o rta li ty  a t t r ib u ta b le  to  th e  an aes th es ia  and say  th a t  sp in a l 
an aesth esia  is  the  b est form o f an aesth esia  f o r  Caesarean s e c tio n .
S p inal A naesthesia  f o r  Caesarean sec tio n .
K.M. Heard (1946) reviews 360 cases of Caesarean s e c tio n  in  
11 y ears  by d i f f e r e n t  suigecns under a n a e s th e tis ts  of varying 
experience and s k i l l .  The a n ae s th e tic s  used were sp in a l 185 (51*4$)• 
cyclo-propane o r  gas oxygen in  102 (28.3$) and e th e r , alone o r  in  
com bination, in  73 (20 .3$). In  19 only  was e th e r  used from the  
s t a r t ,  th e  rem aining cases being gas f a i lu r e s .  There were on ly  two 
complete f a i lu r e s  w ith  sp in a l an ae s th es ia . In  23 more cases gas was 
given a f t e r  the d e liv e iy  o f  the baby.
In  th e se  s e r ie s  many agen ts were used , p e rc a in  c r y s t a l s ,  p rooa in  
s o lu t io n , p o n to ca in , p o n tocain -n iphano id , pon tocain -g lucose  and 
nupercain  1 in  1500. He s ta t e s  th a t  the  s a f e s t  and most s a t i s f a c to r y  
agent was p ro ca in  c r y s ta ls  d is so lv e d  in  the  p a t i e n t 's  own cereb ro ­
sp in a l f lu id .  He aims a t  o b ta in in g  an aes th es ia  to  the  x ipho id  
p ro c e ss , and s$ys you should  avoid h ig h e r  spread. He su g g ests  th a t  
r e l i e f  to  th e  m other by sed a tiv e s  i s  im possib le w ithout a f fe o tin g  th e  
baby. He th e re fo re  adv ises  as l i t t l e  p re -o p e ra tiv e  sed a tio n  as 
p o s s ib le , (b u t he makes no recommendations regard ing  drug o r  dosage); 
and ad v ises  the use of a p ro p h y la c tic  p re s s o r ,  (ephedrine 30 mgm w ith  
neosymephrine 0 .2  c .c . )  10 minutes b e fo re  th e  in s e r t io n  o f 120 to  
150 mgm p ro ca in  c r y s ta ls  d isso lv e d  in  the p a t i e n t 's  c e reb ro -sp in a l 
f l u i d ,  through th e  th i r d  lumbar in te rsp a c e . R efe rrin g  to  th e  e f fe c t  
on the baby, he p o in ts  out th a t  in  56 gas cases on ly  45 b ab ies  
b rea thed  spontaneously , U  (20$) req u ired  re s u s c i ta t iv e  measures; 
w ith e th e r  2C$ req u ired  re s u s c i ta t io n  (4  f o r  prolonged p e rio d s  and 
o f th e se  one d ie d  o f a te le c ta s is  in f iv e  h o u rs); w ith sp in a l 
an aes th es ia  only  one in  a 106 was depressed  and a l l  were norm ally  
developed bab ies.
Regarding the m other's co n d itio n , he says a f a l l  in  blood 
p re s su re  does n o t always mean shock. A "harm less" faL l o f 10 to  40 
m illim e tre s  of mercury occurs in  6 . of  sp in a l cases and on ly  1*9$ 
o f gas c a se s . A r i s e  o f  10 to  60 m illim e tre s  o f  mercury occurs in  
15.1$ o f sp in a l cases and 20.5$ o f gas cases. The blood p re ssu re  
under e th e r  was more s ta b le  -  2 . 7$ f e l l  and 8 .2$  ro se . In  23 cases 
marked shook accompanied a f a l l  o f  more than 40 m illim etres  o f 
mercury; in  9*7$ under sp in a l a n aes th es ia , 3*9$ under gas and o n ly
1.3$ w ith  e th e r .  He s ta t e s  "The e f f e c t  on the  baby is  n o t judged 
by th e  f i r s t  ten  m inutes, but by th e  f i r s t  ten  days. The o p era tio n  
i s  no t a success t i l l  th e  mother i s  s a fe ly  a t home a tten d in g  to  th e  
needs of h e r  h e a lth y  c h i ld ."  He re fe r s  to  sp in a l a n ae s th es ia  as 
"the p r o te c to r  o f  the baby in  Caesarean se c tio n " .
B atten  (1943) reviews $6 oases o f Caesarean s e c tio n  under 
sp in a l an aesth esia  in  11 y ears  using a prooain  m ix tu re , w ith  morphine 
and scopolamine in  the r a t io  o f  25 to  1 . He g ives 50 mgm of 
ephedrine un less  th e re  i s  hypertension . He d iscu sses  25 more cases 
and says he urges sp in a l an aesth esia  f o r  Caesarean s e c tio n .
S tan ley  (1943) s ta t e s  " in tra s p in a l an aesth esia  w ith o r  
w ithout 'b a lan ced ' an aes th es ia  s tan d s  n ear the top  of th e  l i s t  o f  
choices f o r  Caesarean sec tio n  o p e ra tio n s" .
T o rr ie  (1945) d e sc rib e s  120 cases o f  Caesarean sec tio n  under 
sp in a l an ae s th es ia . There were no m aternal deaths o r  untoward 
sequelae. There were 7 fo e ta l  d eath s no t re la te d  to  the a n ae s th e s ia ,
(5 were prem ature with c e n tra l p la ce n ta  p raev ia  as the in d ic a tio n  
f o r  Caesarean sec tio n . One had e ry th ro b la s to s is  f o e ta l i s .  In  th e  
7 th  case th e  cause o f death was unknown.). He concludes th a t sp in a l
an ae s th e s ia  i s  good f o r  Caesarean se c tio n  but i t  tends to  r i s e  to  
h ig h e r  le v e ls  than  in  o th e r  cases e sp e c ia l ly  i f  th e re  are  good 
u te r in e  c o n tra c tio n s , th e  b lood -p ressu re  being more l i k e l y  then  
to  drop. R esp ira tio n  is  e a s i ly  depressed  i f  th e  a n ae s th es ia  goes 
too  h ig h .
Van Der P ost (1938) d e sc rib e s  th re e  "d is tu rb in g "  cases using  
E th eriug ton -W ilson 's  techn ique. The f i r s t  case  was 29 y ears  o ld  
(and looked ra th e r  i l l ) .  Ig- hours p r io r  to  Caesarean s e c tio n  she 
was given Onffiopcn g rs . 1 /3 , scopolamine g rs . 1/150. She receiv ed  
10 c. c . 1 in  1500 procain  and then  la y  fo r  20 seconds. She was 
then  allowed to  s i t  fo r  20 seconds, a t the end o f  which she was 
given ephedrine g rs . lg . The o p e ra tio n  was s ta r te d  a f t e r  10 m inutes. 
At t h i r t y  minutes she had a ir-h u n g er and poor p u lse . They pu t h e r  
in to  th e  s i t t in g -u p  p o s i t io n  and gave 5 c .c .  o f coramine and 3/20 
o f  a g ra in  o f  lo b e lin e . A fte r 10 minutes o f anx ie ty  she recovered. 
The second case , age 33 y e a rs , who had been in  la b o u r f o r  15 h o u rs , 
received  sp in a l an aesth esia  e x ac tly  as th e  f i r s t  case . The 
o p e ra tio n  (Caesarean sec tio n ) s ta r te d  a t 5«30 p.m .. At 5*57 p .m ., 
vhen th e  suigeon was sewing up, th e  a n a e s th e tis t  "asked to  be ex­
cused". The o p era tio n  was complete a t 6.10 p.m. a t which time 
the  house-surgeon, convinced th a t  the  p a t ie n t  was q u ite  w e ll, 
accompanied the surgeon to  h is  c a r . When he g o t back, th e  p a t ie n t  
was dead on th e  Trendelenburg t r o l l e y .  In  th e  th i r d  case , a 35 
y ea r o ld  female had sp in a l an aesth esia  at 2.20 p.m. and o p e ra tio n  
( f o r  e c to p ic  pregnancy) s ta r te d  10 m inutes l a t e r .  Soon a f t e r  
2.40 p.m. b rea th in g  ceased and the  p u lse  became im p ercep tib le . 
A dm in istra tion  o f  carbon d io x id e , and th e  in s t i tu t io n  o f  c a rd iac  
massage e tc . were o f  no a v a il .  He c r i t i c i s e s  E th erin g to n -W ilso n 's  
perio d s  and ideas o f  d if fu s io n  but he g ives no b lo o d -p ressu re  
records and does not s t a t e  th e  le v e ls  o f  an aesth esia  o b ta in ed . His 
paper has been c r i t i c i s e d  by E therington-W ilson h im se lf , and by 
H. Brennan: a lso  by Falkner H il l  who says you should use a heavy 
so lu tio n .
"At th e  d iscu ssio n  on an aesth esia  f o r  Caesarean se c tio n  a t  
the  S ection  o f  O b s te tr ic s  and Gynaecology o f  the  Royal S o c ie ty  o f  
M edicine, on March 31st: 1947, the  preponderance seemed in  favour 
o f sp in a l an aes th es ia , in  an unusually  in te re s te d  m eeting ."
(B.M .J. A p ril 5 th : Volume 1 •• 463 -  464 . )
THE COMPLICATIONS OF SPINAL ANAESTHESIA
The in je c tio n  o f  a sp in a l a n a e s th e tic  has in  many cases  been 
follow ed by some com plication o r  sequela . These va iy  in  inc idence  
and in  se r io u sn e ss . Some, l i k e  nausea and vom iting, headache and 
backache, are very  common indeed. These may be severe  but th ey  are 
tem porary. A needle may break a t  th e  tim e o f  lumbar punctu re . But 
the r e a l ly  s e r io u s  ones are  those  involv ing  th e  meninges, card  and 
cauda equ ina, caused by the  in tro d u c tio n  o f  in fe c t io n  o r  by in ju ry  
to  th e  in  t e r  v e r te b ra l  d is c s ,  cord o r  cauda equina a t th e  tim e o f  
in je c t io n .
B reaking o f  need les can occur bu t i t s  inc idence  is  le ssen ed  by 
using  r u s t le s s  s te e l  need les te s te d  befo re  use and by making sure  
th a t  the  p a t ie n t  is  q u ite  s t i l l .  The l a t t e r  is  more e a s i ly  achieved 
i f  th e  puncture tra c k  i s  a n aes th e tised  befo re  the  lumbar puncture 
need le  is  passed . This s e r ie s  has been f re e  from th i s  acc id en t; bu t 
I  have had two cases in  which the  needle broke in  my pre-w ar oases. 
Immediate removal was e ffe c te d  in  both . The removal is  no t easy.
Headache has been a bugbear s in ce  the  time o f  B ie r , th ree  o f  
whose s ix  cases had severe  headache and one o f  whose cases had s l i g h t  
headaohe. B ie r , who as I  have po in ted  out d id  n o t experience sp in a l 
a n a e s th e s ia , n ev erth e le ss  developed headache as did h is  a s s is ta n t  
H ild eb ran d t. I t  i s  worth n o tin g  th a t  B ie r says th a t  a f t e r  these  
experim ental in je c t io n s  he and H ildebrand t "went o u t to  d in n e r and 
drank wine and smoked se v e ra l c ig a rs " . T his may have co n trib u ted  to  
t h e i r  headaches.
The cause of p o s t-s p in a l headache is  not c le a r ,  and many 
th e o rie s  have been pu t forw ard. Most people th in k  i t  is  due to seepage 
o f  c e reb ro -sp in a l f lu id  a t  the s i t e  o f punctu re . Wilson (1934) th in k s  
th i s  i s  u n lik e ly  to  occur, as i t  i s  improbable th a t  the puncture 
rem ains p a te n t in  the dura o r  th a t  th e  puncture in  the arachnoid 
rem ains open and opposite  th a t  in  the  dura; e x tra -d u ra l f a t  i s  l ik e ly  
to  a c t  as a cork when th e  dura i s  p ressed  back by th e  c e reb ro -sp in a l 
f lu id .  Hewer (1941) says th a t  in  the tru e  sp in a l headache th e  sp in a l 
p re s su re  i s  always low. Wilson has f u r th e r  po in ted  ou t th a t  in  
laminectomy a g re a t deal o f  c e reb ro -sp in a l f lu id  i s  l o s t ,  y e t headache 
i s  n o t a fe a tu re  o f  these  cases. Watson (1943) d iscu sses  the  causes, 
inc lu d es  a se p tic  m en ing itis  w ith INCREASED in tr a c ra n ia l  p re ssu re  and 
psychoneurosis. He says the l a t t e r  theory  is  supported by the f a c t  
th a t  i t  i s  commoner a f t e r  minor than a f t e r  m ajor o p e ra tio n s , though 
th e  l a t t e r  keep more q u ie t. He d e sc rib e s  a case o f psychoneurotic  
o r ig in .
Headache i s  a very common symptom in  a l l  medical and su rg ic a l 
p a t ie n t s ,  and has many causes. I t  i s  a common accompaniment o f 
d ise a se  and o f anx iety  s ta te s .  Drugs and worry can cause i t .
I  remember in  my e a r ly  cases how i r r i t a t e d  I  became when, as f re q u e n tly  
happened, a p a t ie n t  to ld  me th a t  th e  ward S is te r  had to ld  him he
would be c e r ta in  to  have headache i f  he had a sp in a l in jec tio n #
Headache i s  a common p o s t-s p in a l symptom. I n  my own ex p erien ce , 
i t  has been much more common among the more h ig h ly  educated and 
" c iv i l is e d "  races . Though a common symptom in  a l l  members o f  th e  
"co o lie"  c la s s  in  th e  w ards, i t  i s  ra re ly  complained o f  as a p o s t-  
sp in a l a c q u is itio n  among them. I t  may be th a t ,  scared  alm ost ou t o f  
h e i r  w its ,  they  are  so su rp rise d  a t  t h e i r  su rv iv a l a f t e r  an o p e ra tio n , 
and so conscious, pe rh ap s, o f  t h e i r  p a in , th a t  a headache i s  o f  l i t t l e  
s ig n if ic a n c e  to  them. I  have a g re a t adm iration fo r  th e  courage o f  
th ese  people who come to  us l ik e  fr ig h ten e d  ch ild ren  and y e t  p lace  
t h e i r  l iv e s  in  ou r "white D evil" hands with such confidence and a 
degree o f g ra t i tu d e  th a t  i s  beyond com plaint. Undoubtedly, in  the 
tro p ic s  a t  l e a s t ,  th e  "white" p a t ie n t  i s  much more l i k e ly  to be the  
one who i s  in tro sp e c tiv e  and en larg es  upon a l l  h is  symptoms.
Backache i s  a p o s t-s p in a l symptom th a t  has w orried me, not on ly
as a surgeon and a n a e s th e t is t ,  bu t as a p a t ie n t .  Once more, i t  i s  a
symptom o f  the European p a t ie n t .  My own co n v ic tio n , fo r  what i t  i s  
w orth , i s  th a t  i t  a r is e s  from p a ra ly s is  o f the p o s tu ra l m uscu latu re, 
the normal dorsi-lum bar curve being fa tte n e d  ou t and s t r a in  being pu t 
upon the ligam ents w hile the p a t ie n t  i s  ly in g  on a hard  f l a t  uny ie ld ing
ta b le . I t  i s  ra re  to  see an A sian, who cannot pu t h is  phalanges f l a t
on a ta b le  and then extend the  hand a t the  m etacarpo-phalangeal j o in t
to  a r ig h t  angle o r  beyond th is .  T his degree o f  j o in t  movement
m an ifests  i t s e l f  everywhere in  th ese  people and is  eq u a lly  sp p lic ab le  
to  the  jo in t s  o f  the  sp in e . Moreover, they  a re  accustomed to s leep in g
on a f l a t ,  hard  bed. People who, accustomed to  the  lu x u ry  o f  a s o f t
m a ttre ss  and during the war y ears  were g u ests  o f  an enemy who f a i le d  
to  p rov ide  th is  lu x u ry , found the a r t  o f aLeeping to  be an e lu s iv e  
one t i l l  they had acquired the  h a b it  o f  ly in g  on th e i r  s id e s . In  a 
personal experience o f  sp in a l an aes th es ia  a t  ny own re q u e s t, I  confess 
th a t  I  was to rtu red  by backache n ig h t and day f o r  f iv e  days a fte rw ard s. 
The p o s t-o p e ra tiv e  pain  o f a fem oral herniotom y was no th ing  compared 
to  th i s  in cessan t racking  backache. F or many y e a rs , I  have pu t a 
sm all p illo w , about one and a h a l f  inches th ic k , under th e  backs o f  
a l l  p a t ie n ts  undergoing sp in a l an ae s th e s ia , and have in s is te d  th a t  
th i s  p illo w  remain under the back in  th e  ward f o r  a t  l e a s t  twenty- 
fo u r  hours. I  have been s tru ck  by the  marked low ering in  th e  
inc idence  o f  backache. Where th i s  p recau tio n  has been om itted , 
backache has been a co n stan t and se rio u s  com plaint, a t l e a s t  among 
ny European p a t ie n ts .  My conv iction  is  th a t p o s t-sp in a l backache i s  
due to  ligam entous s t r a in ,  and i s  la rg e ly , i f  not t o t a l l y ,  p rev en tab le . 
I  th in k  I  should add th a t  th is  type o f  backache i s  f e l t  q u ite  deep 
in  th e  back, and is  d i f f e r e n t  from, fo r  example, the pa in  o f  lumbago, 
c r ip p lin g  though th i s  i t s e l f  i s .  I t  i s  even d i f f e r e n t  from the deep, 
racking pain  o f dengue fe v e r . I  have su ffe re d  a l l  th ree  and hope 
I  a p p rec ia te  th e i r  d iffe re n c e s .
Nausea with o r  w ithout vomiting i s  a frequen t accompaniment 
o f sp in a l anaesthesia . At one time i t s  occurrence was d isregarded  
as th e  "twenty minutes vomit" which could be expected. I t  i s
extrem ely  common in  th e  e a r ly  p a r t ,  say from f iv e  to  tw enty m inutes 
a f t e r  the  in je c t io n .  The f a c t  th a t  i t  i s  o f te n  p reven ted  and u su a lly  
minimised by "p u ttin g  the  p a t ie n t  to  s leep "  w ith some form o f  g e n e ra l 
an aes th es ia  (ev ipan , p e n th th a l, e tc . )  su g g ests  th a t  the  sp in a l 
a n a e s th e tic  i s  no t th e  only f a c to r  in  i t s  cau sa tio n . I f  s leep  
am elio ra tes  i t s  incidenoe and in te n s i ty ,  th e re  is  reason to  b e lie v e  
th a t  psycho log ica l fa c to rs  p lay  a p a r t .  U nless profoundly  drugged, 
a p a t ie n t  undergoing an op era tio n  i s  in  an apprehensive s t a t e  o f  mind 
and he r e a c ts  accord ing ly . Too, nausea and vomiting are c e r ta in ly  
more common in  vago-tonic su b je c ts . Most o f  us are su re ly  fa m il ia r  
w ith the re a c tio n  o f  the b ig , b u rly  vago-ton ic  with some t r i f l i n g  
in ju ry , say  a f r a c tu re  o f a phalanx , and a re  wise enough to  see th a t  
he i s  a t  l e a s t  s i t t i n g  b e fo re  we touch the  p a in fu l a re a , o therw ise  
we s h a ll  have d i f f i c u l ty  in  p rev en tin g  him from f a l l in g  on th e  f lo o r  
when he f a i n t s ,  as he i s  alm ost c e r ta in  to  do. T his f a in t in g  i s  
accompanied by a fe e lin g  o f  nausea and a tendency to vomit. These 
a re  le s s  s u ita b le  su b jec ts  f o r  sp in a l an aes th es ia  than the  ap p aren tly  
h ig h ly -s tru n g  sy m p ath a te tico -to n ic  su b je c ts .
Nausea and sometimes vomiting are commoner w ith h igh  sp in a ls ; 
bu t th is  i s  not n e c e s sa r i ly  p u re ly  because o f th e  high le v e l .  There 
i s  no doubt th a t  they  a re  the ru le  where t r a c t io n  i s  ex e rted  upon 
m esen teries. In  my experience they  have no t been a d is tu rb in g  
fe a tu re  a f t e r  re tu rn  to  the ward.
Mo Carthy (1947) says th a t  th ese  e a r ly  com plications are  
a sso c ia te d  w ith  the  p h y s io lo g ica l d is tu rb an ce  caused by the 
a n a e s th e tic  and th e  delayed ones a re  the l a t e  r e s u l ts  o f th ese  
d is tu rb an ces .
Immediate one inc lude  vasomotor d e p re ss io n , re s p ira to ry  
d ep ress io n , to x ic  reac tio n s  and nausea and vom iting. The cause o f 
vaso motor depression  i s  s t i l l  c o n tro v e rs ia l ,  bu t the w r i te r  s$ys 
i t  is  undoubtedly a sso c ia ted  cephalad spread o f  th e  agent as w ith  low 
blocks i t  is  ra re . S p inal an aes th es ia  produces in te r c o s ta l  p a ra ly s is ,  
lo s s  o f muscular tone over the  a ffe c te d  a re a , sym pathetic b lo ck , and, 
i f  th e  le v e l i s  to the f i f t h  th o ra c ic  segment o r  h ig h e r , the  
sym pathetic supply to  th e  h e a r t  is  blocked. In te r c o s ta l  p a ra ly s is  
reduces the sucking ac tio n  o f  the ch est w all and th e re fo re  le s s e n s  
the venous re tu rn . M edullary hypoxia may re s u lt  ancjbxygen should 
always be given in  high blocks. Loss o f muscle tone reduces tiie 
venous re tu rn  w ith consequent dim inution in  c a rd iac  f i l l i n g  and 
th e re fo re  in  ca rd iac  ou tp u t. Block o f sym pathetica causes vaso­
d i la ta t io n  in  the a ffec ted  area with reduction  in  the volume o f 
c irc u la t io n  blood. I f  th e  sym pathetic supply to  the  h e a r t  i s  c u t 
o f f ,  th e re  r e s u l ts  a slowing o f  the pu lse  and a drop in  blood- 
p re ssu re  from u n in h ib ited  vagus a c t iv i ty .  P re lim in ary  a tro p in  to 
reduce vagal a c t iv i ty  i s  b e n e f ic ia l. Most o f the sym pathetic 
depression  i s  probably due to block o f  the nerve supply to  the  
adrenals and a l l  i t s  m an ife sta tio n s  may be a lle v ia te d  by 
sympathomimetic drugs. A ll th ese  d is tu rb an ces  may be due to  d i r e c t  
a c tio n  on th e  medulla from the ce reb ro -sp in a l f lu id  o r  through the
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blood-stream ? N e ith er i s  proved and you can g iv e  r e l a t iv e ly  l a r g e r  
doses lo c a l ly  w ithout causing  them*
R esp ira to ry  d ep ression  u su a lly  fo llow s from the hypoxia caused 
by th e  vasomotor depression* But th e  agent may invo lve th e  th i r d ,  
fo u rth  and f i f t h  ce rv ica l segments w ith p h ren ic  p a ra ly sis*  A r t i f i c i a l  
r e s p ira t io n  i s  here  in d ic a ted  as the accessory  n is c le s  are  inadequate . 
He says th a t  p h ren ic  p a ra ly s is  w il l  seldom l a s t  more than twenty 
m inutes.
The inc idence  o f  th e se  various p o s t- s p in a l symptoms has v a ried  
enormously . P itk in  has claimed th a t  h is  methods have alm ost 
abo lished  them, but f o r  most o f  us th ey  are  a co n stan t source o f  
an x ie ty  and a search f o r  means of p rev en tio n  and am elioration*
Headache v a rie s  from about two p e r cent to  w ell over tw enty p e r  cent* 
Nausea anchor vom iting, common enough on the  ta b le ,  a re  o fte n  
continued in  the  ward, as i s  backache* Many a re  th e  methods o f 
trea tm en t suggested*
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PULMONARY (IMPLICATIONS
Although th ese  are no t so common in  th is  p a r t  o f  th e  w orld 
as they  are in  tem perate c lim a te s , I  have had my sh are  o f  them as 
w il l  he seen from the  a n a ly s is  o f  ny cases . Among them have been 
th ree  cases o f  pulmonary em bolish, one o f  whom d ied . This was a 
29-year o ld  Dane who, ten  days a f t e r  an emergency appendioectomy, 
developed a warning haemorrhage which was repeated  fo u r days l a t e r .  
A fte r  th e  f i r s t  o f  these  I  arranged every th ing  in  th e  ward so th a t  
i f  he g o t a massive one I  could opera te  on him. On h is  17th: 
p o s t-o p e ra tiv e  day I  was o p e ra tin g  on ano ther p a t ie n t  in  my th e a tre  
when I  g o t word th a t  the young Dane had d ied . Asking ny a s s is ta n t  
to  complete the o p e ra tio n  I  was engaged upon I  h u rr ie d  to  th e  ward 
and c a r r ie d  ou t pulmonary embolectony, removing long ribbon-shaped 
organ ised  c lo ts  from both  main branches o f  the pulmonary a r te ry .
The h e a r t  b ea t was re s to re d  by massage and kept up f o r  47 m inutes 
a f t e r  which i t  ceased to  respond. In  s p i te  o f  continuous a r t i f i c i a l  
re s p ira t io n  w ith 10($ oxygen, autom atic r e s p ira t io n  was n ev er 
re -e s ta b lis h e d , and l i f e  was not re s to re d .
S ise  (1932) analyses the  s t a t i s t i c s  o f  various c l in ic s  and 
concludes th a t  the type o f  a n a e s th e tic  has l i t t l e  e f f e c t  upon the 
incidence o f  p o s t-o p e ra tiv e  pulmonary com plica tions, though he 
th in k s  e th e r  s l ig h t ly  in c re a se s  t h e i r  inc idence . The type o f  
o p era tio n  i s  the dominant, f a c to r .  R esp ira to iy  in fe c t io n , acu te  o r 
ahron io , is  an im portan t; cause, and in h a la tio n s  o f  carbon d iox ide  
a f t e r  opera tion  appears to  le s se n  the inc idence  o f  a te l e c ta s is .
G r i f f i th s  (1934) says they are  J u s t  as common a f t e r  reg io n a l 
o r  sp in a l as a f te r  general an aes th es ia . They are commonest in  
w in te r and a f t e r  abdominal o p e ra tio n s  where th e  abdomen i s  opened. 
They a re  not so common i f  the peritoneum  is  n o t involved.
T ay lo r e t  a l ia  (1937) s tu d ied  the ch es t c o ap lica tio n s  in  
12,349 an aesth esia s  o f  a l l  types. The cases in  which p rocaine  was 
used amount to  1,209 (9*8$) inc lud ing  lo c a l  and sp in a l c a se s . In  
the  sp in a l s e r ie s ,  they  were commonest when in te rc o s ta l  p a ra ly s is  
was produced, showing a r a te  o f  1 5 .5$. Most o f th ese  had upper 
abdominal op era tio n s  and the f ig u re  compares w ith th a t  o f  20.8^ 
f o r  a l l  upper abdominal cases. The c h ie f  fa c to r s  were the degree 
o f  n a rc o s is , the d u ra tion  o f  o p e ra tio n , the type o f  o p era tio n  
said the su rg ic a l  r is k .
Apgar (1939) th inks re s p ira to ry  dep ress io n  the  c h ie f  hazard  
and i t  was severe in  1$ o f  h e r  cases. A ll these had complete 
in te rc o s ta l  p a ra ly s is  and varying degrees o f  ph ren ic  p a ra ly s is .
One o f  h e r p a t ie n ts  su ffe re d  permanent mental damage. She th in k s  
they are  p reven tab le  w ith oxygen and advises again st the use o f  
carbon d iox ide .
Lemmon (l9Vf) had 45 pulmonary com plications in  2,000 cases 
o f s e r i a l  sp in a l an aesth esia .
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H a rr is  (1942) aays th a t  sp in a l and lo c a l  an ae s th e s ia  on the 
tru n k  produce in ten se  pulmonary s t a s i s  o f  f ix e d  d u ra tio n , fo r  
an aes th es ia  to  be e f f i c i e n t  must be com plete. F le x ib le  c o n tro l o f  
in h a la tio n  an aes th es ia  p e rm its  th is  in te n s i ty  and d u ra tio n  to  be 
reduced.
Holmes (1948) compares the pulmonary com plications in  2 ,064 
consecutive cases o f  g en era l and sp in a l an aes th es ia . H is f ig u re s  
are -  4*$S in  710 sp in a ls  to  the  12th: do rsa l segment o r  lowers 
J u s t  under in  52 cases up to  the  3rd: d o rsa l segment: 1.83& in  
1,290 cases o f general an aes th es ia . Most cases occurred in  women 
in  e a r ly  middle l i f e ,  and in  the o p e ra tio n s  o f appendicectony and 
herniotom y. He concludes th a t  sp in a l an aes th es ia  does n o t reduce 
the inc idence  o f  p o s t-o p e ra tiv e  pulmonary com plications.
I t  seems reasonable to  assume th a t  a ttem pts should be made to  
in c rease  lung  v e n tila tio n  during  sp in a l an aes th es ia  by ask ing  the 
p a t ie n t  to  take deep b rea th s  now and then during  the  o p e ra tio n  and 
to  continue deep b rea th in g  ex e rc ise s  a f te r  re tu rn  to  the ward.
GARn£0VA30ULAR COMPLICATIONS
K il l  (1931) quotes Labat as saying "The h e a r t  having l i g h t  
work to  perform  takes a r e s t  during sp in a l an aes th es ia  and f o r  th is  
reason i t  i s  the a n a e s th e tic  o f  choice f o r  a l l  c a rd io v asc u la r oases. n
T ay lo r e t a l ia  (1937) found the  ca rd io v ascu la r com plications 
in  sp in a l an aesth esia  to  be 10 .3$ , which was le s s  than w ith cyclo­
propane and equal to  the  incidence w ith e th e r . ,  e thy lene  and g as- 
oxygen. Of th ese  the f a l l  in  b lo o d -p ressu re  was g r e a te s t  in  t h e i r  
sp in a l cases and shock was s ix  tim es commoner than with g en e ra l 
an aes th es ia . Arrythmias occurred in  3$ o f  s p in a ls ,  compared w ith 
1*3# and when e thy lene  and cyclopropane re sp e c tiv e ly  were used.
Apgar (1939), in  the very complete a n a ly s is  o f  h e r  1076 oases 
o f  pontocaine sp in a l a n ae s th e s ia , had 12 a u r ic u la r  f i b r i l l a t i o n s  
n o t p re sen t p re -o p e ra tiv e ly , 4  b rad y card ias , 4  coronary o cc lu s io n s ,
15 pulmonary emboli, 17 cases o f th rom bophleb itis  o f  a lower lim b,
2 "ce reb ra l a cc id e n ts" , and 14 cases o f  p o s t-o p e ra tiv e  shock*
Uncommon com plications and sequelae.
F a i r l i e  (1932) and Latham. (1942) have each desc rib ed  two cases 
o f hiccough fo llow ing  sp in a l an aes th es ia . Latham a lso  rep o rted  two 
cases o f  u r t i c a r ia .  Apgar (1939) had a p a t ie n t  who developed p a ra ly s is  
ag itans two weeks a fte rw ards. Lemmon and Hager (1944) found anaes­
th e s ia  o f  the lower l i p  appearing in  a p a t ie n t  undergoing cystoscopy.
I t  soon passed o f f .  Snyder and Snyder quote th ree  cases , from the 
l i t e r a t u r e ,  o f  the acute  onset o f  sy p h ilis  fo llow ing sp in a l 
an aesth esia  and rep o rt a personal case which c lea red  up a f t e r  two 
weeks a n t i - s y p h i l i t i c  therapy.
GEREBBOSPINAL COMPLICATIONS AND SEQUELAB
I t  i s  p o ss ib le  th a t  many o f  the  phenomena of sp in a l anaesthe­
s i a  have a nervous o r ig in . Headache, backache, nausea and vom iting 
may be due to  e x c ita t io n  caused by ab so rp tio n , though i t  i s  n o te ­
worthy th a t  they  a re  unusual w ith  much la rg e r  doses used lo ca lly *
Davies and o th e rs  (1931) showed ex p erim en ta lly  th a t  the  
in je c t io n  o f  a sp in a l a n a e s th e tic  may cause changes in  the  meninges, 
the  c e l l s  and th e  f ib r e s .  The meninges show a s t e r i l e  re a c tio n  w ith  
lymphocytes and subsequent s c a rr in g  which is  more marked w ith  l a r g e r  
doses. The c e l l s  show sw elling  and oedema of the n u c le a r  membrane 
and g ra n u la r is a tio n  o f  the  N iss l substance which ilaiay go on to  com­
p le te  c e l l  d e s tru c tio n . The f ib r e s  show sw elling  and fragm entation  
o f th e  axons and dem yelin isa tion  o f  the sh ea th s . These fin d in g s  
a re  confiim ed by post-m ortem  exam ination on cases w ith  p e r s i s te n t  
c l in ic a l  evidence o f n eu ro lo g ica l damage. Such changes are  u su a lly  
re v e r s ib le ,  i f  indeed they  always occur. So c a l le d  a se p tic  menin­
g i t i s  may r e s u l t  from the use o f  s trong  so lu tio n s  o r  from the  
unintended in tro d u c tio n  o f  an i r r i t a n t  such as phenol o r  io d in e .
An anpoule may develop an in v is ib le  c rack  through which such i r r i ­
ta n t  may e n te r  i t .  Blood in  th e  ce reb ro sp in a l f lu id  fo llow ing 
puncture may ac t as an i r r i t a n t  and cause headache and backache.
I t  i s  im pressive to  note the high inc idence  o f  s e p tic  m en in g itis . 
S u rely  th is  must be due to e r ro rs  in  technique.
Sombezg and Goldberg (1943) say th a t  sp in a l an aes th es ia  has 
been rep o rted  to  have been follow ed by d is tu rb an ces  o f  s e n sa tio n , 
s t i f f  neck, involvement o f  th e  second, th i r d ,  s ix th ,  sev en th , e ig h th  
and tw e lfth  c ra n ia l n e rv es, im paired b ladder and r e c ta l  fu n c tio n , 
hem ip leg ia , p a ra p le g ia , pyramidal t r a c t  d eg en e ra tio n , meningo­
e n c e p h a lit is ,  p o lio e n c e p h a lit is ,  m y e li t is ,  m yelopathy, r a d i c u l i t i s ,  
severe  n e u r i t i s ,  s e p tic  and a se p tic  m en in g itis , a ra c n o id i t is  and 
cauda equina n e u r i t i s .  They d esc rib e  th ree  cases, th e  f i r s t  two o f  
which show how e a s i ly  these com plications may n o t be thought by the 
p a t ie n t  to  be r e la te d  to  the in tr a th e c a l  in je c t io n .  N e ith er o f 
th e se  p a t ie n ts  informed e i th e r  the surgeon o r  th e  a n a e s th e tis t  o f  
the appearance o f  p a ra ly t ic  symptoms. Both subsequently  underwent 
laminectomy a t which adhesive arachnoidal changes were found. The 
sep a ra tio n  o f  these  adhesions was follow ed by improvement though th e  
second case was s t i l l  g re a t ly  d isab led . T h e ir th i r d  case underwent 
ex ten siv e  laminectomy and sep a ra tio n  o r  arachnoidal adhesions, 
fo llow ing which h is  cond ition  was desc rib ed  only  as "improved".
In  th e  f i r s t  two cases the symptoms developed slow ly over a p e rio d  
o f  severa l months. I t  i s  in te re s t in g  to  sp ecu la te  how many s im ila r  
cases th e re  are whose symptoms are no t thought to  be due to  a 
fo rg o tte n  sp in a l an aesth esia .
MENINGITIS
Apart from th e  t e r r i b l e  trag ed y  o f sudden d e a th , s u re ly  th e re  
can be no more f r ig h t f u l  com plication  o f  sp in a l an aes th es ia  th an  
m en in g itis . I  have had one case and I  f e e l  I  must reco rd  i t  a t  
once. I t  was p rev en tab le  as I  am su re  i t  always i s .  The fo llow ing  
i s  a d e sc r ip tio n  o f  th e  case and the c ircum stances. U n fo rtu n a te ly  
th e  case  records were lo s t  during  the  Japanese  occupation  o f  M alaya, 
but th e  f a c ts  are engraved in  ny memory. In  the  y ea r 1938> a la d y  
d o c to r in  our se rv ice  o ffe re d  to  h e lp  me by g iv in g  a n a e s th e tic s  and 
I  soon found th a t  she was a good and ca re fu l a n a e s th e t i s t .  A fte r 
soma tim e she asked me i f  she could a s s i s t  me a t ny o p e ra tio n s  when 
I  was g iv in g  the  p a tie n t a sp in a l a n a e s th e tic . Keen as I  was on h e r  
h e lp , I  had to  re fu se  h e r ,  because she went in  f o r  th e  modem 
fash io n  in  f in g e r - n a i ls -  long claw s, pa in ted  a v iv id  re d , which on 
account o f  th e i r  len g th  are  incapable o f  being adequately  rendered 
f r e e  o f  organisms by any amount o f  scrubbing  up, however prolonged.
I  exp lained  th i s  to  h e r  as p le a s a n tly  as I  could  and forbade h e r  
from g iv ing  a sp in a l a n a e s th e tic  f o r  th is  very  reason. One day she 
d id  g iv e , unknown to  me, a sp in a l in je c t io n . The follow ing day the  
p a tie n t had a tem perature and i t  was soon evident th a t  sh e  had 
m en ing itis  from which she d ied . 2his was a very s a lu ta ry  le sso n  to  
me and s in ce  then I  have been p a r t ic u la r  to  a po in t o f fu s s in e s s  
about th e  need fo r  adequate p re p a ra tio n  o f  the  proposed s i t e  o f  
in je c t io n  and the  need fo r  p ro p e r scrubbing up on th e  p a r t  o f anyone 
proposing to  g ive an in tr a th e c a l  in je c t io n . In  a long  experience o f  
sp in a l a n ae s th e s ia , th i s  i s  th e  only  case o f  m en in g itis  I  have had 
and I  hope i t  w il l  be my l a s t .  I  could n o t be more convinced o f 
anything th an  I  am th a t  m en ing itis  is  p rev en tab le , always.
Perhaps the  most d is a s tro u s  s e r ie s  recorded is  t h a t  o f  B a rrie
(1941) who rep o rted  11 cases o f  m en in g itis  in  96 cases o f  sp in a l 
an aes th es ia  in  a p e riod  of th re e  months. F o rtu n a te ly  a l l  except 
one recovered. The c l in ic a l  signs and symptoms were s im i la r  in  a l l  
oases. The tem perature ro se  to  100 degrees o r  over in  th e  f i r s t  
th re e  days w ithout n o tic e ab le  meningeal i r r i t a t i o n  a t  th a t  s tag e .
A ll developed ty p ic a l  m en ing itis  w ith abrupt onset on th e  seventh to  
the te n th  day, mostly w ith drow siness, photophobia, neck r ig i d i ty  
and a p o s i t iv e  K em ig*s s ign . The blood showed a polymorphic 
leu co q y to sis . A ll except the  f a t a l  case  were f re e  from fe v e r  on th e  
e ig h teen th  day. Nine., examined fo u r weeks afterwards, had no re s is u a l  
s ig n s  o r  symptoms except s l ig h t  l a t e r a l  nystagmus. The f a t a l  case 
became comatose and d ied  a f te r  seven days. Smith and Smith (19a )  
undertook the  in v e s tig a tio n  o f  th i s  s e r ie s  and found th a t  th e  cause 
la y  in  the  w ater from a f i l t e r  which was being used to  wash th e  
sy rin g es . The same w r i te r  found th a t 89 (39*9&) o f  223 u n se lec ted  
specimens o f ce reb ro -sp in a l f lu id  were contam inated w ith  non- 
pathogenic organisms by c u lt iv a t io n  in  sim ple peptone w ater and th a t  
many s t e r i l i s e d  w aters used f o r  washing sy ringes were contam inated. 
Of ten  specimens o f C .S.F. c o lle c te d  "with reasonable  a s e p tic  
p recau tions?  nine were s t e r i l e  and one contained  a d ip th e ro id .
I t  i s  astounding th a t as l a t e  as not a deoade ago, anyone 
should  put t r u s t  in  w ater from a f i l t e r .  I t  i s  even more a s to n ish in g  
th a t  th e  same procedure should be c a r r ie d  out over a p e rio d  o f  th re e  
months w ith more and more oases developing m en in g itis . The 
appearance o f  a " s t i tc h  abscess" should prompt a surgeon to  under­
take an immediate and thorough overhaul o f  th e  whole p rocess  o f
s t e r i l i s a t i o n  in  h is  th e a t re .  B a rr ie  i s  to  be commended f o r  h is
oourage in  p u b lish in g  th i s  s e r ie s  o f  d is a s te r s  and i t  should se rv e  
as a warning to  a l l  t h a t  m en in g itis  can so e a s i ly  be caused. I t  i s ,
to o , a rem inder th a t  i t  i s  p rev en tab le .
Records o f  a se p tic  m en in g itis  a re  f a i r l y  common. Reynolds 
and Wilson (1934) recorded th re e  cases follow ing d ia g n o s tic  lumbar 
puncture  and th in k  th a t  tem porary m en ing itic  symptoms may a r is e  
from an outpouring o f  c e l l s ,  e sp e c ia lly  i f  blood appears; fo r  
example blood in  the C. S.F. fo llow ing spontaneous subarachnoid 
haemorrhage w il l  produce s t i f f n e s s  o f the neck and th e  appearance 
o f  K e rn ig 's  s ig n . T h e ir th ree  cases had a lso  s tu p o r, d e liriu m  and 
a pronounced in c rease  in  th e  c e l l  con ten t o f  the C .S .F .. The f i r s t  
case was su ffe r in g  from c e re b ra l s y p h il is  and developed m en ing itic  
symptoms w ith in  twelve hours o f th e  lumbar punctu re . The fo llow ing 
day h is  c e l l  count was 2,900, a l l  being polymorphs. The w hite c e l l  
count was only  6,800. He recovered in  fou r days. The second case 
was su ffe rin g  from chronic e n c e p h a li t is ,  recovered from th e  a s e p t ic  
m en ing itis  w ith in  one week and died  from chronic e n c e p h a litis  th re e  
weeks l a t e r .  Once more, the c e l l  ou tpu t was o f  polymorphs. The 
th i r d  case developed symptoms w ith in  e ig h t hours and a polymorph 
ou tpouring  o f  c e l l s  but recovered in  th re e  days. They add an 
in te re s t in g  p o s t - s c r ip t  o f  a case  who had h is  lumbar puncture  p o s t­
poned fo r  tw enty-four hours and in  th e  meantime d ied  o f an acute 
subarachnoid haemorrhage which th ey  say would have been blamed on 
the  sp in a l a n a e s th e tic , with the chance o f subsequent l i t i g a t i o n .
Brock e t  a l i a  (1936) quote the work o f  Tfossildo (1908) and say 
th a t  fo llow ing the work o f ex p e rim en ta lis ts  one would h e s i t a te  to  
use sp in a l an aesth esia ; ye t S u lliv an  (1932) records a case  who 
underwent sp in a l an aesth esia  f iv e  tim es w ith in  a p e rio d  o f  t h i r t y -  
e ig h t hours. They record  seven in s tan ces  of m en ing itis  fo llow ing 
d i f f e r e n t  forms o f  sp in a l an aesth esia . The f i r s t  two were presum ably 
benign "a se p tic "  cases who developed symptoms slowly and recovered 
com pletely. The th ir d  case developed signs and symptoms follow ing 
an automobile r id e  on the e ig h teen th  p o s t-o p e ra tiv e  day. She 
improved a l i t t l e  on the  t h i r t i e t h  day bu t s t i l l  had o c u la r  weakness 
and d e fe c tiv e  speech a f t e r  a p e rio d  o f n ineteen  months. She is  
regarded as a case of p o lio -e n c e p h a lit is .  In  th e  fo u rth  oase 
r a d ic u l i t i s  and signs o f  m ild cord involvement were s t i l l  p re sen t 
a f t e r  f iv e  months. The f i f t h  case  recovered from a severe  cauda 
equina n e u r i t i s  and an apparen tly  independent form o f  myelopathy in  
th e  th o ra c ic  cord a f te r  a period  of f iv e  months. In  the  s ix th  oase, 
which seems to  have had a neu ro lo g ica l element from th e  b e g in n in g ,th e re  
developed a cauda-equina syndrome. Chordotomy was perform ed th ree  
y ears  l a t e r  but he developed a tra n sv e rse  m y e litis  from which he
d ied . G reat c l in ic a l  and post-m ortem  d e ta i l s  a re  g iven  o f th e  seventh  
case which showed ex ten s iv e  cord involvement lead in g  to  death  th re e  
months a f t e r  the  in tr a th e c a l  in je c t io n  o f  1 in  500 p e rca in e .
These au th o rs , d iscu ss in g  th e  ae tio lo g y , say th e re  may he a 
d i r e c t  ohemo-toxic e f f e c t  produced by the drug, and th a t  th e re  may be 
a t is s u e  s e n s i t iv i ty  in  a few cases , b u t th e re  is  so f a r  no way o f  
te s t in g  f o r  th i s .  They do not s t a t e  th e  to ta l  number o f  t h e i r  sp in a l 
an aes th es ia  cases and so t h e i r  inc idence  is  undeterm ined. They 
recommend th a t  sp in a l an aesth esia  should "be R e s tr ic te d  to  a s p e c ia l  
group o f  in d iv id u a ls  unable to  w ithstand  g en era l a n aes th es ia " .
O ther re p o r ts  o f a se p tic  m en in g itis  come from Adelman and Irw in  
(194-6) who mention two cases th a t followed p a ra -v e r te b ra l  lumbar 
sym pathetic b locks, in  which they  th in k  th a t  th e  subarachnoid space 
must have been en tered  and th a t  the p roca ine  had chemotoxic p ro p e r t ie s .  
H urxthal (1932) d e sc rib e s  one case  who underwent lumbar punc tu re  f o r  
some n eu ro lo g ica l complaint and developed meningeal symptoms o f  sh o rt 
d u ra tio n . Six months l a t e r  th e re  were no s ig n s  and the p a t ie n t  was 
sa id  to  be g re a t ly  improved but whether from the  meningeal a t ta c k  o r  
th e  n eu ro lo g ica l complaint is  no t made c le a r .  L iv ingstone e t  a l i a  
(1943) quote Orkin (1936) who summarises 45,966 cases by tw enty 
au thors w ith an a sep tic  m en ing itis  inc idence  o f  0 .2^S . They them­
se lv e s  then  repo rt two cases o f  "chemical" m en in g itis  fo llow ing  the 
in tr a th e c a l  in je c tio n  o f  novocain in doses o f 150 and 140 mg*, which 
c lea red  up a f t e r  fo u r and f iv e  days re sp e c tiv e ly .
The more se r io u s  and o ften  f a ta l  s e p tic  m en ing itis  has been 
recorded  freq u en tly . Kremer (1945) th inks i t  would appear more 
fre q u e n tly  s t i l l  i f  th e re  was not re lu c tan ce  to  p u b lish  a l l  cases.
A fte r  quoting o th e rs , he d e sc rib e s  seven cases in  h is  own experience . 
One recovered a f te r  many months but " t i r e d  e a s ily " . The second case 
d ied  fo llow ing the in tr a th e c a l  in je c tio n  o f in fe c ted  p e n ic i l l in  con­
ta in in g  calcium  and th e  seventh had th e  same in fe c tio n  from th e  same 
batch o f  p e n ic i l l in .  The th ir d  one showed p a ra ly s is  o f pyram idal 
type w ith  the a p a th e tic  appearance and c h a ra c te r  change seen a f t e r  
the e f f e c t s  o f a severe c losed  head in ju ry . The fo u rth  case  deve­
loped in te rn a l hydrocephalus as shown by v e n tr ic u la r  tap  and 
in je c t io n . H is acu te  hydrocephalic  a ttack s  were re lie v e d  by 
v e n tr ic u la r  tap , but the r e l i e f  was very tem porary. A fte r  subtem­
p o ra l decompression had f a i le d  to  cure h is  headaches, he was 
subm itted to  a p o s te r io r  fo ssa  decompression and a f i s t u l a  was c rea ted  
between the  c is te rn a  magna and the  deep c e rv ic a l m uscles. There was 
considerab le  d is te n s io n  o f  th e  v e n tr ic le s  but "n a tu ra l cure" is  sa id  
to  have occurred in  th is  case. Complete recovery took p la c e  in  case 
5 , and th e  remaining two cases showed re la p se s . He b e liev es  th a t  
these  re lap ses  were p o ss ib ly  due to lo c u la tio n  and subsequent n a tu ra l 
free in g  o f  th e  lo cu la ted  f lu id .  He d iscu sses  th e  th e o r ie s  o f  cau sa tio n , 
and concludes th a t  th e re  is  a low-grade m en ing itis  due to  th e  
in tro d u c tio n  of organisms a t tim e o f  the lumbar puncture causing 
u su a lly  a chronic i l ln e s s  w ith a tendency to  re la p se . Adhesions may 
cause sp in a l block o r  hydrocephalus.
Fs. pyocvanea m en in g itis  has been described  ap a rt from Kremer. 
Davidson (1947; records the occurrence in  two su ccessiv e  p a t ie n ts  in  
one day. Three p a t ie n ts  underwent o p era tio n  fo r  ingu ina l h e rn ia  on 
A pril 16, 1945* A ll had sp in a l a n a e s th e tis a . The f i r s t  was 
uneven tfu l; th e  second got m en ing itis  and recovered. The th i r d  
d ied  o f  m en ing itis  16 weeks l a t e r .  The source o f  the  Ps. pyooyanea 
was not tra c e d . V uylsteke (1947) records fo u r  cases o f  m en in g itis  
fo llow ing sp in a l an ae s th e s ia , a i l  w ith p o s i t iv e  c u ltu re s . The f i r s t  
th re e  were due to  Ps. melanogenes and th e  fo u rth  to  P s. pyooyanea. 
Three d ie d , a f t e r  9 , 76 and 114 days. The fo u rth  recovered on th e  
92nd; day. They proved very r e s i s ta n t  to  tre a tm e n t, th e  th i r d  
g e tt in g  1,172 gm. sulphonamide in  114 days, w ithout a v a il .
§ymonds (1925) re p o r ts  a case o f  s e p tic  m en in g itis  due to  
Staphylococcus aureus who developed symptoms th re e  days a f t e r  lumbar 
puncture f o r  suspected  s y p h il is .  There was th ic k  pus in  the  C. S .F . 
and recovery  followed fo r c ib le  washing through a c is te r n a l  puncture  
w ith a n eed le  in th e  lumbar a rea .
Evans (1945) records two cases o f Ps. pyooyanea m en ing itis  
fo llow ing sp in a l an aesth esia .
Ps. pyooyanea seems to  cause a m en ing itis  o f  very prolonged 
d u ra tio n  and a high death r a te .  B o tte re l l  and Magner (1945) 
suggest trea tm en t by intravenous io d id es . F o r B. c o li  in fe c tio n  
Esker (1945) suggests a combination o f sulphadiazene and u rea .
M en ing itis  i s  an avoidable com plication o f sp in a l an ae s th es ia  
i f  p roper care  i s  ex erc ised  over every  s tep  in  the  p rocedure. The 
sources o f  in fe c tio n  are th e  skin  o f  the  o p e ra to r’s hands, th e  sk in  
on the p a t i e n t ’s back, the need les and sy rin g e s , th e  lo c a l 
a n a e s th e tic  used fo r  the p u n c tu re , the sp in a l agent i t s e l f  and any 
lo t io n  used f o r  r in s in g  the  ampoules, need les o r  sy rin g es. Where 
tim e p e rm its , the  area  o f  puncture  is  p repared  w idely on the 
previous day J u s t  as i t  were going to  be th e  s i t e  o f  o p e ra tio n . The 
a d m in is tra to r  should s im ila r ly  scrub-up, no t c a su a lly  but p ro p e rly .
I  i n s i s t  on a minimum of ten minutes f o r  th i s .  The in tr a th e c a l  
needle should be grasped by the b u tt end and the need le  p a r t  be kep t 
out o f  touch. The use o f g loves i s  unnecessary and the unm istake- 
ab le  sen sa tio n  o f  the needle pass in g  in t r a th e c a l ly  i s  more c le a r ly  
obtained  i f  gloves are no t used. This i s ,  however, a m atte r o f p e r ­
sonal p re fe ren ce . A s t e r i l e  towel i s  draped so th a t  i t  curves and 
covers the area around the s i t e  o f  proposed puncture . T his square 
i s  tuck under the  p a t i e n t 's  back as he is  p laced  supine. I t  is  
elem entary th a t  no in je c tio n  sh a ll be given i f  th e re  i s  any sep s is  
n ear the  s i t e  o f puncture. With regard  to  secondary m en ing itis  
o ccurring  follow ing lumbar puncture  in  th e  p resence o f a heavy 
b ao teriaem ia , Weed e t  a l i a  (1920) sa id  i t  was p o ss ib le  experim en tally  
and Remson (1936) confirms th i s .  I t  i s  a not unreasonable 
su p p o sitio n .
F u r th e r  s tep s  to  p reven t in fe c tio n  l i e  in  the care o f ampoules. 
I t  i s  w ell known th a t  la b e ls  are d i f f i c u l t  to s t e r i l i s e .  Moreover, 
t in y  in v is ib le  cracks may develop in  an ampoule which has been 
s t e r i l i s e d  and in fe c t io n  can g e t in  through such cracks. The id e a l 
i s  f o r  a l l  ampoules to  be o f a d e f in i te  s iz e  fo r  each so lu tio n  to  
p reven t confusion a f t e r  the la b e ls  have been removed. Each d i f f e r e n t  
s e t  o f  ampoules i s  kept in  a la b e l le d  g la ss  j a r  co n ta in in g  a coloured 
a n t i s e p t ic ,  f o r  example, methylene blue which i s  what I  use. I f  a 
t in y  crack develops, the coloured so lu tio n  w ill  fin d  i t s  way in to  
the  ampoule and co lo u r th e  con ten ts  and i f  th i s  happens, the  ampoule 
i s  regarded as contam inated and d isca rd ed . That such can happen I  
have proved by p ersonal experience . R ecen tly  ( in  O ctober 1948) an 
ampoule con tain ing  ephedrine was found to  be d isco lo u red  on being 
removed from th e  s to rag e  so lu tio n . The blue co lou r o f  th e  oontained 
ephedrine so lu tio n  was very  ev id en t. I t  i s  q u ite  easy  to  see th a t  
th is  might well have occurred in  an ampoule co n ta in in g  the so lu tio n  
fo r  in tr a th e c a l  in je c tio n  and a s e p tic  m en in g itis  could e a s i ly  have 
re s u lte d . I  have been very s tru c k  on a number o f occasions by the 
casua l manner in  which lumbar puncture i s  sometimes c a r r ie d  o u t ,  
e s p e c ia l ly , i f  I  may say so, on the Medical s id e  o f  the  House, and 
f a r  from being su rp rised  th a t  in fe c tio n  can occur, I  am su rp rise d  
th a t  i t  i s  n o t more freq u en t. Even to -d ay , when I  decide  to  g iv e  a 
sp in a l a n a e s th e tic  in  a ward, as I  o cca s io n a lly  do to  pu t a t r a c t io n  
pin  o r  w ire through a bone o r  m anipulate a f r a c tu re  w ith the  p a t ie n t  
in  h is  bed, I  do so with considerab le  tre p id a tio n  in s p i te  o f  a l l  
the care  th a t  I  ex erc ise  to  avoid in fe c tio n . When I  do decide on 
t h i s ,  I  w il l  a llow  no bed-making o r  d re ss in g s  to  be done in  the  ward 
u n t i l  I  have given  th e  sp in a l in  th e  ward, and o f course I  arrange 
to  do i t  a t  an app ro p ria te  tim e to  make th is  p o s s ib le . Perhaps a l l  
th ese  procedures a re  b e t te r  c a r r ie d  out in  the th e a tre ;  bu t I  
confess to  a p re fe ren ce  f o r  doing such m anipulations where the 
chance o f  l a t e r  d is tu rbance  fo llow ing  th e  m anipulation w i l l  be 
minimised. In  many p a r ts  o f  th i s  country , the  p a t ie n t  has a long 
journey  from th e  ward to the  th e a tre  and back. Indeed th e re  i s  o n ly  
one th e a tre  in  the whole country  which i s  n o t a long way away from 
the n e a re s t ward.
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THE CAUDA BQUINA SYNDROME FOLLOWING SHNAL ANAESTHESIA
Apart from re te n tio n  o f  u r in e , th e re  have been no n eu ro lo g io a l 
d is tu rb an ces  in  th i s  s e r ie s  o f  c a se s , up to  th e  time o f  d ischarge  
from h o sp ita l*  No p a t ie n t  has repo rted  s in ce  d isch a rg e  w ith  nerve 
symptoms. But remembering th e  cases desc rib ed  by Somberg and Gold­
berg  i t  i s  p o s s ib le  th a t  they may have occurred . The only  oase I  
have seen in  co n su lta tio n  was K .3 .K ., a Chinese male aged 47 y e a rs , 
who underwent appendicectomy w ith drainage under heavy sp in a l 
pe rca in e  on 1 0 .ll.4 fi*  There was no re te n tio n  o f u rin e  a fte rw ard s , 
no r d id  he complain o f  p a in , an aes th es ia  o r  p a ra ly s is  up to  the  time 
o f h is  d isch arg e  from h o s p ita l  on 4-12-48* On 17-1-49 he was 
adm itted su ffe r in g  from low back pain  and in a b i l i ty  to  r a is e  h is  
le g s ,  which he s a id  had g rad u a lly  developed o v e r a p e rio d  o f  f iv e  
weeks. Mien I  saw him on 2 2 .1 .4 9 , he was confined to bed and cou ld  
stan d  only w ith d i f f i c u l ty  on account o f  severe pain  in  the 
lum bosacral a rea . D efaecation and m ic tu r it io n  were normal and th e re  
was no re s id u a l u rin e . W asting was p re sen t in  the c a l f  m uscles.
The l e f t  k n ee-je rk  was e l i c i t e d  with d i f f i c u l ty ,  but th e re  was no 
d e te c ta b le  an aes th es ia . X -ray showed narrowing of th e  fo u r th  lumbar 
in te rsp a c e . I  thought he had a d is c  le s io n  from in ju ry  a t  the  tim e 
o f lumbar punctu re . As h is  p a in  and s t i f f n e s s  were marked, I  
m anipulated h is  spine under p en th th a l an aesth esia  in  the  ward. He 
d ischarged  h im se lf two days l a t e r  say ing  he had no lo n g er any p a in  
could walk norm ally. He i s  now back a t  work and symptomless.
Ferguson and Watkins (1938) b e liev e  th a t  th e se  cases a re  much 
commoner than re p o rts  in d io a te  and they re p o rt fo u rteen  oases of 
which 13 occurred  in  a p e riod  o f  13 months, although they could f in d  
on ly  16 oases rep o rted  in  th e  l i t e r a t u r e  up to  th a t  tim e. T heir 
cases u su a lly  showed re te n tio n  o f  u rin e  which p rogressed  to  
in co n tin en ce , incontinence o f  faeces w ith  lo ss  o f  sp h in c te r  to n e , 
impairment o f  sen sa tio n  in  the  saddle  a rea  o r  down the  back o f  th e  
th ig h , and absent o r  reduced re f le x e s  in  one o r  both le g s . They 
b e lie v e  th e  b a s ic  le s io n  i s  the same in  a l l .  The f a c t  th a t  the 
r e c ta l  symptoms were o f te n  delayed suggests th a t  the le s io n  is  
p ro g ressiv e . Three p a t ie n ts  d ied  and a l l  were subm itted to  autopsy 
a t which no d e f in i te  abnorm alities were found in  the c e n tra l nervous 
system. D iscussing th e  causes, they  th in k  th a t trauma would no t 
cause le s io n s  so ex ten siv e . Inflam m ation would no t cause t h e i r  very  
e a r ly  appearance. The drug was considered the l ik e ly  fa c to r .  Most 
o f th e i r  cases had heavy duracaine .
Nicholson and E versole (1946) say th a t any n eu ro lo g ica l s ig n  
fo llow ing sp in a l an aesth esia  is  ominous. They b e liev e  th a t  the 
to x ic i ty  l i e s  in  the d rug , though d i r e c t  in ju ry , inflam m atory 
reac tio n  o r  p re c ip i ta t io n  o f l a t e n t  n eu ro lo g ica l d isease  by in je c t io n  
o f the  drug may a l l  p lay  a p a r t .  They l i s t  sonfi s e r ie s  o f cases in  
which the incidence varied  from 0 in  15,000 to  Ferguson And W atkins' 
incidence o f 14 in  1,710. They d esc rib e  f iv e  cases from the Lahey 
C lin ic . Three were cauda equina le s io n s ,  two o f Miich were l a t e r
shown to  have had sp in a l blook r e s u l t in g  from m e ta s ta tic  carcinoma.
Two had pero n eal neuropathy shown by fo o t-d ro p . Two o th e r  oases were 
shown to  have had cord tumours. They d e sc rib e  two fu r th e r  suspected  
oases, one o f  which recovered com pletely , and fo u r cases  seen in  
c o n su lta tio n .
They emphasise th e  inportance  o f  avoiding the presence  o f  
i r r i t a n t s  in  th e  s o lu tio n , g ive some c o n tra in d ic a tio n s  and say th a t  
i f  th e  le v e l o f  an aes th es ia  i3  le s s  than expected , a sp in a l 
b lock should be suspected .
D insdale (1947) says th a t  Ferguson h as po in ted  out th a t  lumbar 
puncture  i s  c a r r ie d  ou t in thousands o f p a t ie n ts  w ithout these 
symptoms developing; th e re  i s  no evidence th a t  b leed ing  i s  th e  oause; 
i t  i s  too ex tensive  to  be caused by in ju ry  to  one, two, o r  even th re e  
n e rv es, and d is ta n t  ones occur. He says symptoms always d a te  from 
the time o f  in je c t io n ;  bu t Somberg and Goldberg have po in ted  out th a t  
th is  i s  no t always t r u e .  Alcohol has been in je c te d  w ithou t any 
permanent an a lg esia  o r  motor p a ra ly s is .  Lesions fo llow  so lu tio n s  th a t  
contained  n e ith e r  alcohol nor g ly c e r in e . He p o in ts  ou t th a t  MacDonald 
and Watkins f a i le d  to  produce le s io n s  in  c a ts  with 15$ e th y l a lcohol 
and 20$ g ly c e rin e . He h im se lf had no cases w ith  5$ s to v a in e  in  
g lucose (B ark e r 's  so lu tio n ) bu t had th ree  follow ing th e  10$ so lu tio n  
o f Chaput. He i s  convinced th a t  the so lu tio n  should be as is o to n ic  
as p o s s ib le .
I  have s a id  th a t  th e re  were no n eu ro lo g ica l d is tu rb an ces  in  
the p re sen t s e r ie s .  But I  can remember two cases whose records were 
l o s t  du ring  the  Japanese occupation o f  Malaya.
The f i r s t  was in  the y ea r 1932 when a m arried woman (European) 
in  th e  e a r ly  t h i r t i e s  who had undergone hysterectom y under sp in a l 
p rocaine  developed weakness and t in g lin g  and v a sc u la r  d is tu rb an ces  
o f  th e  hands soon a fterw ards. She was found to  be su ffe r in g  from 
b i l a t e r a l  c e rv ica l r ib s .  The o p e ra tio n  had been c a r r ie d  out w ith 
the  p a tie n t  in  a s teep  Trendelenburg p o s itio n  and i t  is  probable th a t 
the re s u lt in g  downward th ru s t  exerted  by the  shoulder supports was 
the causal fa c to r .  The second was an unmarried Chinese g i r l  in  the 
middle tw en ties who had an ovarian  c y s t ,  removed a lso  under sp in a l 
p ro ca in e , th e  dose being 1 cc. o f  15$ so lu tio n  d ilu te d  w ith 3 oc. o f 
c ereb ro -sp in a l f lu id .  She was d ischarged ap p aren tly  w ell but th re e  
months l a t e r  rep o rted  w ith gross w asting o f the muscles o f the r ig h t  
arm and hand and shoulder g i r d le .  I t  is  too long ago now fo r  me to  
remember a l l  the a ffe c ted  muscles bu t the  i n t r in s ic  muscles o f  the  
hand were a l l  wasted and she had a main en g r i f f e .  The d e l to id  and 
both p e c to ra l muscles were very wasted. There was no sensoxy 
d is tu rb an ce . I  asked my Physician  co lleague to  see h e r  and he 
re p o rte d  to  me th a t  she was a ty p ic a l p ro g ressiv e  m uscular a trophy. 
This was a very s t r ik in g  and remarkable case because a t the  time I  
looked up h e r  o ld  no tes and in them was a remark th a t  two days 
a f t e r  o p era tio n  she had complained o f  t in g l in g ,  numbness and
weakness in  th e  r ig h t  hand. Examination revealed  no sensory  lo s s .  
I s  th is  j u s t  th e  coincidence o f  a oase o f  p ro g re ss iv e  m uscular 
atrophy developing symptoms a t  th a t  p a r t i c u la r  time ? That i s  
th e  easy ex p lan a tio n . Yet I  cannot h e lp  fe e lin g  th a t  the i n t r a ­
th eca l in je c t io n  had something to  do w ith  h e r  symptoms, though I  
am a t a lo s s  to  ex p la in  j u s t  how. T his p a t ie n t  was n o t p u t in  
T ren d elenburg 's  p o s it io n .
LUMBAR PUNCTURE INJURIES: INJURIES TO THE INTERVERTEBRAL DISCS
B illin g to n  (1924) d e sc rib e s  th i r ty - f iv e  cases w ith  p e r s is te n t  
back symptoms d a tin g  from an a tta c k  o f acute  m en in g itis  f o r  which a l l  
had had numerous lumbar punctures and in je c t io n  o f serum. Fourteen  
showed sp in a l o s te o - a th r i t i s  w ith p o s i t iv e  X -ray fin d in g s . In  tw elve, 
the changes were lim ite d  to the th i r d ,  fo u r th  and f i f t h  lum bar 
v e rteb rae  and d is c s ;  and, o f  these, seven showed d e s tru c tio n  o f the 
fo u r th  and f i f t h  d iscs*  Five p a t ie n ts  had s ig n s  o f sp o n d y litis  w ith 
n eg a tiv e  X -rays. S ix teen  had symptoms but no d e f in i te  s igns o f 
s p o n d y li t is ,  and these  were undoubted d is c  le s io n s ,  perhaps due to  
lumbar puncture.
Pease (1935) s ta t e s  th a t the  p o s te r io r  d isc  w all bulges s l i g h t l y ,  
e sp e c ia lly  when the  back is  flexed^w ith  re s u lt in g  in c reased  p re ssu re  
w ith in  th e  d is c .  He th inks th a t in  the cadaver i t  is  d i f f i c u l t  to  
know whether th e  d isc  has been s tru c k  o r  not and th a t i t  i s  easy  to  
h i t  the d is c , th e  v e r te b ra , the  i n t e r - a r t i c u l a r  fa c e t o r  the  venous 
s in u so id s  in  the v e rte b ra l body. He quotes th ree  in stanoes o f  d is c  
in ju ry , two o f  them follow ing s in g le  ancf^ollow ing repeated  lumbar 
punctu re .
Milward and Grout (1936) d esc rib e  f iv e  cases o f  d isc  in ju ry  
fo llow ing  sp in a l anaesth esia ,an d  th in k  they a l l  happened a t  the  tim e 
o f lumbar puncture .
Gellman (l9 ¥ )) says th a t  s o -c a l le d  d iy  and bloody teps are due 
to  inep tness, and prom ptly fo rg o tten . He d esc rib e s  a case in  which 
the second and fo u rth  lumbar d isc s  were in ju red  during lumbar 
puncture  on a fo u rteen -y ea r o ld  s y p h i l i t i c  g i r l .  Her f i r s t  puncture 
was on June 20th: 1926 and was symptomless. On September 4 t h : , th re e  
fu r th e r  lumbar punctu res were attem pted a t d i f f e r e n t  le v e ls  w ith 
immediate lo c a l  pain  which became continuous. She l a t e r  developed 
the ty p ic a l  Scm orl's nodules regarded as d ia g n o s tic  o f  d isc  
d is tu rb an ce . He i s  convinced that, in ju ry  to  the second and fo u r th  
lumbar d is c s  occurred during lumbar puncture . H is X-rays show 
in ju r ie s  to  the  f i r s t  and th i r d  lumbar d isc s  and no t th e  second and 
fo u r th , as he says.
E v e re tt (1942) re p o rts  th ree  oases o f d isc  in ju z y , the f i r s t  
follow ing lumbar punctu re , the second follow ing repeated  lumbar 
punctures,thQ  th ir d  fo llow ing  sp in a l an aesthesia .
Baker (1947) d esc rib es  a d isc  in ju ry  in  a fo u r year o ld  c h ild  
who had repeated lumbar p u n c tu re / which was su ccessfu l only  a f t e r  
sev e ra l a t te n p ts .  Nine days l a t e r  the c h ild  coaplained o f  back­
ache. Three weeks l a t e r  X 'rays showed narrowing o f  the space between 
th e  second and th i r d  lumbar v e rteb rae . The c h ild  developed th e  
ty p ic a l ly  d isc  le s io n , vhich recovered. I  co n sid er th is  c h ild  was 
lucky not to  have a nerve in ju zy , as the second lumbar in te rsp ac e  
i s  much too high to  choose in  a fo u r  y ear o ld  c h ild .
McCarthy (1947) th in k s  th a t  extreme f le x io n  alone during lumbar 
puncture  may cause d isc  ru p tu re  w ith re s u lt in g  n u c lea r pzo lapse .
CRANIAL NERVE PALSY
The c h ie f  example of th i s  com plication  i s  th a t  a f fe c t in g  th e  
abducens nerve. A number o f  people have rep o rted  i t ,  e i th e r  alone o r  
w ith some a sso c ia te d  p a ra ly s is .  S te in b e rg  and Bishop (1946) re p o r t  
a case who complained o f  headache and d ip lo p ia  which s ta r te d  on th e  
fo u r th  day, the p a tie n t  showing p a ra ly s is  o f  th e  r ig h t  e x te rn a l reo tu s  
w ith  decrease o f  s e n s ib i l i ty  and widening o f  th e  p a lp eb ra l f i s s u r e .
The headache la s te d  u n t i l  the  tw en tie th  day and the  d ip lo p ia  ceased 
on th e  t h i r t i e t h  day.
Milowsky and B etancourt (1945) d esc rib e  a case o f b i l a t e r a l  
p a ra ly s is  o f  th e  hypo-g lossal and abducens nerves fo llow ing sp in a l 
an aes th es ia  in  a tw enty-one y ear o ld  p a t ie n t  who under-wont an 
o p e ra tio n  fo r  u rin a ry  c a lc u l i .  A naesthesia  reached th e  f i f t h  d o rsa l 
segment fo llow ing two hundred m illig ram s, o f  procaine in tr a th e o a l ly .  
F if te e n  days l a t e r  he developed double v is io n  and d i f f i c u l ty  in  moving 
h i s  tongue. The ce reb ro -sp in a l f lu id  was examined th a t  day and found 
to  be normal. Two weeks l a t e r ,  th e  tongue movements and speech were 
b e t t e r  and the eyes recovered one month a f t e r  th e  o n se t. This p a t ie n t  
showed pro-drom al symptoms o f m alaise and headache f o r  two day® p r io r  
to  th e  onset o f  symptoms o f  p a ra ly s is .
E thering ton  Wilson (1945) re p o rts  ten  cases in  vhich d ip lo p ia  
follow ed sp in a l an aesth esia . I t  passed o f f  ra p id ly , as a ru le ;  more 
slow ly in  a few cases.
WOLTMAN (1936) c i te s  a l e f t  abducens nerve p a lsy  fo llow ing 
e th e r  an aes th es ia . The p a tie n t  recovered in  seven days.
I t  i s  very d i f f i c u l t  to  exp lain  th e  occurrence o f abducens 
p a ra ly s is .  Fairc lougb  (1945) d iscu sses  th e  th e o r ie s  f o r  s u s c e p t ib i l i ty  
o f  the s ix th  c ra n ia l nerve. One reason given i s  th a t  i t s  long course  
exposes i t  more to  in ju ry . A c tu a lly , the fo u rth  is  the  lo n g est 
(75 m illim etres) and th e  s len d e re s t c ra n ia l  nerve. Cushing thought 
th a t  th e  most l i k e ly  s i t e  o f in ju ry  was between th e  pons and th e  
o c c ip i ta l  bone where th e  a n te r io r  in f e r io r  c e re b e lla r  a r te ry  c ro sses  
th e  nerve a n te r io r ly  a t  r ig h t  an g les , as i t  does in  e i^ i ty  p e r cen t 
o f  people. The in te rn a l  au d ito ry  nerve i s  also c re d ite d  w ith in ju ry -  
ing  the s ix th  nerve in  the same way. I t  i s  p o ss ib le  fo r  the nerve to  
be in ju red  where i t  bends over the angular apex o f  the pe trous bone,«~ 
fo r  example in  cases o f  increased  in t r a - c r a n ia l  p r e s s u ^  Mien th e  bone 
stem may be fo rced  down th e  foramen magnum,and the n e rv e , being 
p r a c t ic a l ly  fix ed  a t i t s  two ends, is  s tre tch e d  and damaged as i t  
bends over ihe p e tro u s  angle. Fairc lough  has a theo ry  which, w hile 
not p rov id ing  th e  b a sa l cause o f s ix th  nerve p a ra ly s is^  accounts f o r  
i t  showing signs o f  in ju ry  more re a d ily  than any o th e r  c ra n ia l  ne rv e , 
even i f  anatomical d isadvantages d id  no t e x is t .
In  a l l  in t r a - c r a n ia l  c o n d itio n s , toxaem ias and mechanical 
d is tu rb an ces , a l l  th e  c ra n ia l  con ten ts  are d is tu rb e d  by th e  same 
fa c to r :  and fre q u e n tly  th e re  comes a time when the  s ix th  c ra n ia l  
nerve i s  f i r s t  to  show evidence o f  traum a. P hylogenetic  a l ly ,  
s te reo sco p ic  b in o cu la r v is io n  is  a l a t e l y  acquired  a t t r ib u te ,  and 
may be th e  f i r s t  to  break down. This th eo ry  exp lains th e  double 
v is io n  o f  th e  in to x ic a te d . He re p o rts  te n  cases. A ll had sp in a l 
p e rca in  1 in  200. Seven had 2 c. o . ,  two had 1 .5  o. o . , and cne 
had 2 .5  c .c . .  They a l l  sa id  t h e i r  headache and d ip lo p ia  were th e  
w orst p a r t  o f  t h e i r  ex p eriences, and some said  th e  headache was 
in to le ra b le .  One a lso  had "double h earing" fo r  a tim e and one 
had s l ig h t  p to s is  and a n te r io r  p o la r  c a ta ra c t which were c o n g en ita l. 
These te n  cases occurred  in  two thousand and twenty one cases o f  
s p in a l  an aes th es ia .
MENTAL CHANGES FOLLOWING- SPINAL ANAESTHESIA
Apgar (1938) rep o rted  one case o f  permanent mental damage 
in  1,076 pan tocaine  a d m in is tra tio n s .
Noble (1946) re p o r ts  a case o f  asphyxia under s p in a l  pon tocaine, 
w ith subsequent c l in ic a l  m an ife sta tio n s  in d ic a tiv e  o f  c e re b ra l damage 
and l a t e r  evidence o f  c e reb ra l regenera tion  and recovery , th e  d e ta i l s  
o f  vhich are  worth reco rd in g , fo r  i t  i s  an example o f  an avoidable 
acc id en t. An 18-year o ld  male received  morphine g r. 3  and hyoscine 
g r. l/lO O  fo r ty - f iv e  minutes p r io r  to  op era tio n  fo r  acu te  a p p e n d ic itis . 
Following th e  in tra th e c a l  in je c tio n  o f 20 mg. pontocaine, in  1$> 
so lu tio n  w ith  2 cc. 1($  dextrose, in  th e  second lumbar in te rsp a c e  
w ithout b a rbo tage , he was p laced  in  a 10 degree Trendelenburg slope 
f o r  ONE MINUTE, by which tim e th e  anaesth esia  had read ied  th e  le v e l 
o f  th e  th i r d  th o ra c ic  segment, and the  tab le  was le v e l le d .  A minute 
l a t e r  he became p a le , then cyanosed and re s p ira t io n  had ceased by 
the end o f  the th i r d  m inute. A r t i f i c i a l  re s p ira t io n  was c a r r ie d  out 
by th e  S y lv e s te r  method, using oxygen. A fte r  f iv e  m inutes, the  p u lse  
ceased , w ith  a ra p id  f a l l  in  b lood -p ressu re . He was then  given 
in tr a c a rd ia c  ad ren a lin e , en d o -trach ea l in s u f f la t io n  w ith d i r e c t  
a d m in is tra tio n  o f  oxygen by manual p re ssu re  in  th e  bag, and in t r a ­
venous 5j$ g lu co se -sa lin e  to  which was added neosynephrine. The 
ca rd iac  a r re s t  was estim ated  to  have la s te d  f iv e  m inutes, and 
re s p ira to ry  a r r e s t  t h i r t y  m inutes. During th is  time th e  unconscious 
p a t ie n t  had h is  appendix removed. A fte r o p e ra tio n , the  tube was 
removed; bu t cyanosis recu rred . He had th re e  c lo n ic  siezuves in  the  
ward. A fte r  tw en ty -four hours he regained consciousness but was 
s t i l l  s tuperous. He was s t i l l  confused and euphoric on the fo u r th  
day, was improved by the  seventh day and ap p aren tly  q u ite  normal by 
th e  end o f  the  second week.
The p o in ts  about th i s  case are the la rg e  dose o f  p rem edication  
and th e  p la c in g  o f  th e  p a t ie n t  in  a ten  degree Trendelenburg slope 
f o r  a p e rio d  o f one m inute. A study o f  the behavious o f  f lu id s  o f  
d i f f e r e n t  s p e c if ic  g r a v i t i e s ,  as shown by W ilson, makes i t  q u ite  
c le a r  th a t  th e  GREATER the s lo p e , th e  SLOWER i s  th e  flow . H ere, 
the  a n a e s th e tic  undoubtedly reached the  c is te rn a  magna. The p e rio d  
o f  c irc u la to ry  a r r e s t  i s  in te r e s t in g , because i t  has been shown th a t  
the Betz c e l l s  cannot su rv iv e  oxygen lack  f o r  more than about e ig h t 
m inutes, and the m edullary cen tres  fo r  more than  twenty m inutes.
I t  emphasises the importance o f  the avoidance of anoxia, and the 
value o f  oxygen in  high con cen tra tio n .
DIFFERENT TECHNIQUES OF SPINAL ANAESTHESIA
There i s  g re a t v a r ia tio n  in  the methods used to  achieve 
a n ae s th es ia . These depend upon the choice o f agen t, irtiether an 
a n a le p tic  i s  added to  i t  o r  used se p a ra te ly  as in d ic a ted , and whether 
the so lu tio n  is  hypobaric , iso b a r ic  o r  h y p e rb a ric . This l a s t  is  th e  
most im portant aspec t to  co n sid er, s in ce  spread  is  c h ie f ly  dependent 
upon d iffe re n c e s  in  s p e c if ic  g ra v ity  between the so lu tio n  and the 
c e reb ro -sp in a l f lu id .  Few people use iso b a r ic  so lu tio n s  -  indeed i t  
i s  im possib le  to  say whether any given so lu tio n  is is o b a r ic ,o n  aocount 
o f  th e  v a r ia tio n  in  s p e c if ic  g ra v ity  o f  the ce reb ro -sp in a l f lu id .  I t  
used to  be s a id  th a t  fo r  high anaesthesia  i t  was necessa ry  to  in je c t  
th e  f lu id  a t  a h ig h e r le v e l ;  bu t th is  i s  no longer w idely p ra c t is e d ,  
though many techniques in c rease  the  dose, o r  th e  volume, to  o b ta in  a 
h ig h e r le v e l .  This i s  reasonable .
P rocaine has the d isadvantage th a t  i t s  e f f e c ts  pass o f f  a f t e r  
some f o r ty - f iv e  m inutes, though i t  o ften  gives very prolonged 
a n ae s th e s ia . Percaine can be depended upon to  g ive complete an a lg es ia  
and re la x a tio n  la s t in g  f o r  a t  l e a s t  th ree  hours and o ften  much lo n g e r.
The favoured technique i s  not in  i t s e l f  as im portant as the 
n e c e s s ity  to  ap p rec ia te  what is  going to  happen to  the f lu id  a f t e r  
in je c t io n  and to  have a c le a r  grasp o f a l l  the d e ta i l s  o f method and 
management. I t  would be d i f f i c u l t  to  f in d  two methods th a t  d if f e r e d  
more than W ilson’s and mine. Wilson prem edicates h e a v ily , so t tia t  h is  
p a t ie n ts  have to  be supported in  th e  s i t t i n g  p o s it io n  w hile the 
in je c t io n  is  given. He uses a l ig h t  so lu tio n  o f  p e rc a in e , allow s the 
s i t t i n g  p o s it io n  fo r  a given number o f  seconds depending upon the  
le v e l o f  an aesth esia  he d e s i r e s ,  and then p u ts  th e  p a t ie n t  in  a s l ig h t  
Trendelenburg p o s itio n  fo r  the o p era tio n . I  prem edicate m ild ly , use a 
h y perbaric  s o lu tio n , give the  in je c t io n  with th e  p a tie n t  in  the l e f t  
l a t e r a l  p o s itio n  and then tu rn  him on h is  back with the head a cu te ly  
f lex ed , th e  tru n k  being in Trendelenburg’s p o s itio n  except fo r  very 
low an aes th es ia s . Yet I  would not claim  th a t  my method o r  r e s u l t s  are 
su p e r io r  to  W ilson’s . During the e a r ly  p a r t  o f  1940 I  had the 
p r iv i le g e  o f seeing  W ilson’s mock sp in a l experim ents which he k in d ly  
performed fo r  me. I  a lso  saw h is  technique in  p ra c tic e . Both 
experiences impressed me very much. I f  I  s t i l l  use my o ld  method, i t  
i s  no t because I  am not c e r ta in  th a t  h is  way is  not as s a t is fa c to ry ;  
i t  i s  only because I  have been s a t i s f i e d  w ith my method and p r e f e r  to  
continue to  tre a d  a fa m ilia r  p a th .
S e r ia l  sp in a l anaesthesia
Lemmon (1939) was not s a t i s f i e d  wilh th e  s in g le  dose method 
because o f  f a i lu re  in  le v e l and degree, because i t  did not l a s t  long 
enough, and because o f  th e  d i f f ic u l ty  o f  removing the an aes th e tio  
agent i f  to x ic  symptoms appeared. In  1940 he reported  two hundred 
cases w ithout f a i lu r e .  With Paschal ( l9 4 l)  he p resen ted  o bservations 
on the  f i r s t  f iv e  hundred case s . With Hager (1944) he gave
o b serv a tio n s  on th e  f i r s t  two thousand cases. He uses a sp e c ia l 
m attress  and a m alleable m etal need le . The dosage has v a ried  g r e a t ly ,  
from 30 mg. p ro ca in e  f o r  p rosta tec tom y in  a p a t ie n t  aged e ig h ty -f iv e  
y ears  to  2,200 mg. f o r  a hysterectom y th a t  la s te d  only  t h i r t y - f iv e  
m inutes. He gave as much as 230 mg. to  a o h ild  to  g e t an aesth esia  
s a t i s f a c to r y  fo r  appendicectony. In  the  l a s t  two th e re  must have 
been a s lip -u p  o r  a s l ip -o u t .
Tuohy (1945) d escribed  a new method u t i l i s in g  a u re te r a l  
c a th e te r .  He m aintains th a t any agent i s  s a t i s f a c to r y  and th a t  th e re  
i s  no need to  use the lo n g e r-ac tin g  ones, and agrees that you can 
wd e -a n a e s th e tis e M by washing out w ith normal s a lin e .
Lee (1943, 1944 and 1945) s ta te s  h is  experiences with th is  
method, d iscu sses  the  problem o f  tu rn in g  the p a t ie n t  w ithout d is tu rb in g  
the n eed le , d e sc rib e s  an " o b s te tr ic  h e lp e r” and exp la in s i t s  use in
the removal o f  a p a t ie n t  from the  t r o l le y  to  th e  o p era tio n  ta b le  and
u n t i l  the  p a t ie n t  i s  postu red .
O ther a e r ie s  have been described  by Haugen e t  a l i a  (1942), Apgar
(1942) and M artin e t a l i a  (1945). I  have no experience o f  th i s  
method, s in c e  I  have been able to c a rry  out a l l  iiy o p e ra tiv e  proce­
dures w ithout recourse to  i t  ( th a t  i s ,  w ith a s in g le  in je c tio n )  since 
I  have adopted p ercaine  in  p lace  o f  p rocaine. I  r a re ly  perform  
o p era tions occupying more than two hours and have only once perform ed 
an o p era tio n  la s t in g  more than two and a h a l f  ho u rs . This l a s t  was 
a l e f t  hemi-colectomy fo r  cancer and took me two hours and fo r ty  
m inutes to  perform . I t  was s a t i s f a c to r i l y  completed w ith  a s in g le  
in je c t io n  o f  1 cc. of novocaine. L et me admit th a t  th is  was an
u su a lly  long time f o r  an aesth esia  to  l a s t  with th i s  dose and I
expected to  have recourse  to  supplem entary general an aes th es ia  to 
complete th e  o p e ra tio n . Most o f  the o p era tio n s  th a t  I  am c a lle d  
upon to  perform  can be completed w ith in  one hour,* but i t  seems to  me 
th a t  s e r ia l  sp in a l an aesth esia  i s  a very d i s t i n c t  advance.
As T a in te r  (1946) remarks, th e re  i s  a g re a t advantage in  using  a 
s h o r t-a c tin g  coupound by continuous d rip , i f  i t s  e f fe c t  can be 
term inated  a t w ill .
F rac tio n a l sp in a l an aesth esia  appears to  have g re a t 
advantages. I t  has recen tly  been p o s tu la ted  th a t very weak so lu tio n s  
do no t p a ra ly se  th e  phrenic nerve. A continuous weak so lu tio n , 
o therw ise e ffe c tiv e , should th e re fo re  be s a f e r  than a s tro n g  one.
Why use a heavy so lu tio n  ?
My own use o f  a heavy so lu tio n  s ta r te d  long before Jones 
desc rib ed  h is  technique with hypobaric perca ine . A fte r th ree  years  
of experience with my 15j$ so lu tio n  o f p roca ine , I  re tu rned  to  
B r i ta in  in  the y ear 1931 and saw Jones* technique through the 
co u rtesy  o f  the s e n io r  a n a e s th e tis t  a t  one o f  the  teach ing  H o sp ita ls .
Of th e  f i r s t  th ree  case s , two were re tu rned  to  the  ward on account
o f  the  c o lla p se  th a t  had developed in  the a n ae s th e tio  room fo llow ing 
the  in je c t io n  and subsequent m anipulation. I  confess th a t  I  was not 
in p re ssed . With a sm all degree o f  Trendelenburg t i l t ,  th e re  i s  no t 
l ik e ly  to  be much d if fe re n c e  in  th e  le v e l  o f  a n a e s th e tis a tio n  o f the 
a n te r io r  and p o s te r io r  ro o ts . In  th e se  c a se s , the  p a t ie n t  was tu rned  
on h is  face  fo llow ing  the in je c t io n  and then turned sup ine. I f  th e re  
i s  one th in g  I  have le a rn ed  about sp in a l an aesth esia  i t  is  the f a c t  
th a t  p a t ie n ts  under i t s  in flu en ce  do n o t to le r a te  a l te r a t io n s  in  
p o s it io n  o r  e a r ly  re tu rn  to  the  ward. This was very c le a r ly  im pressed 
upon me l a t e r  on when I  gave a la rg e  number of sp in a ls  to  the a i r ­
ra id  c a s u a lt ie s  in  Penang. I t  may w ell be th a t  th ese  had more se rio u s  
in ju r ie s  than we could re a l is e  in  th e  g re a t rush o f  work we had a t 
th a t  time (we adm itted s ix  hundred and s ix  se r io u s  c a s u a lt ie s  to  my 
wards on the f i r s t  day o f  the r a id s ) .  Jones* method invo lves moving 
th e  p a t ie n t  and tu rn in g  him. Even W ilson 's technique fo rce s  the  
p a t ie n t  to  be p u t f l a t  a f t e r  the d esired  le v e l o f  an aesth esia  has 
been a tta in e d . With a heavy s o lu t io n , th e  p a t ie n t  is  p o stu red  to  
a t ta in  th e  d e s ired  le v e l and can u su a lly  remain th e re  u n t i l  th e  end 
o f  the o p e ra tio n . I f  i t  i s  necessa ry  to move him th i s  can be done 
a f t e r  th e  a n ae s th e tio  i s  f ix e d .
THE INDICATIONS FOR SPINAL ANAESTHESIA
Opinions o f  a n a e s th e tis tsv a ry : opin ions o f  surgeons a re  even 
more d iv e rg en t. Some w il l  not allow  i t s  use w hile o th e rs  use i t  on 
every p o s s ib le  occasion . Most regard  the  b lo o d -p ressu re  as a guide 
and w ill  w ithhold  sp in a l an aes th es ia  i f  th is  i s  a t what they  reg ard  
as being  low. Few people w ill  use i t  in  th e  presence o f  shook, 
though th e  same people w il l  p r e f e r  i t  i f  the  proposed o p e ra tio n  is  
a re  in  which shock is  l ik e ly  to develop.
In  my p re face  I  have po in ted  out th a t  a g re a t in d ic a tio n  fo r  
i t s  use is  th e  lack  o f  a s k i l le d  general a n a e s th e t is t ,  e s p e c ia l ly  
where th e re  is  someone s k i l le d  in  sp in a l an aes th es ia . For many 
y ears  now I  have given sp in a l an aes th es ia  as a ro u tin e , w hatever 
the co n d itio n  o f  th e  p a t ie n t .  A p a tie n t  i s  tre a te d  f o r  shock and 
when he i s  considered f i t  f o r  a g en era l a n ae s th e tic  he i s  considered  
f i t  fo r  a sp in a l a n a e s th e tic  i f  the  o p e ra tio n  demands i t .  I  use i t  
fo r  every th ing  whenever I  can except fo r  such t r i v i a l  pxocedures as 
the  opening o f  abscesses . On an e a r l i e r  page I  have given  the 
b lood -p ressu re  c h a r t o f  a re c e n t case which shows th a t a p re lim in a ry  
low b lood -p ressu re  w ill not d e te r  me from using i t .  So f a r  I  have had 
no reason to  re g re t th is  p ra c t ic e .
Many c o n tra - in d ic a tio n s  have been p u t forward. Examples o f  
these  are unlim ited  -  a common one is  in  p rosta tec tom y, because o f  the 
fe a r  o f  re ac tio n a ry  haemorrhage o f p re -re n a l anuria  from c irc u la to ry  
dep ression . The small number o f  p ro s ta tec to m ies  in  th is  s e r ie s  have 
a l l  been c a r r ie d  ou t without mishap, and they  include a l l  the cases 
during  the  whole p e rio d ; no prosta tectom y has been done under any 
o th e r form o f  an aesth esia . I f  th e  number i s  sm all, I  can only  say  
th a t  s e n ile  hypertrophy o f  the p ro s ta te  was a t  one time b e liev ed  
no t to occu r in  O rie n ta ls . This i s  c e r ta in ly  untrue; b u t th e  
co nd ition  is  uncommon in  them.
I f  I  have n o t sa id  much on what is  u su a lly  regarded as a most 
im portant aspect o f  sp in a l an aesth esia  i t  i s  on ly  because, in  ay 
p ra c t ic e ,  a p a t ie n t  f i t  f o r  a g en era l a n ae s th e tio  i s  f i t  f o r  a 
s p in a l one.
DEATHS UNDER SPINAL ANAESTHESIA
Follow ing the in je c tio n  o f  a s p in a l a n a e s th e tio , death  may take 
p lace  during  th e  o p e ra tio n ; o r  death  may he delayed  and take p la c e  In 
the  ward. In  e i th e r  case one should endeavour to  a sse ss  th e  p a r t  
p layed by th e  a n a e s th e tic  in  causing death . Adequate p re -o p e ra tiv e  
in v e s t ig a tio n  o f the  p a tien ts*  gen6rfel co nd ition  and f i tn e s s  fo r  
o p e ra tio n , a co n sid e ra tio n  o f  a l l  the  f a c ts  during the an aesth esia  
and the  post-m ortem  fin d in g s  p rov ide  th e  d a ta . The p a t ie n ts  p re sen t 
two extrem es, the apparen tly  f i t  and young undergoing an o p era tio n  
o f n o t g re a t  s e v e r i ty , and the d e sp e ra te ly  i l l  su b jec t who even i f  
n o t su ffe r in g  from some su rg ica l d i s a s te r  i s  in  such a s ta te  o f 
reduced f i tn e s s  on account o f  in te rc u r re n t  d isease  ( f o r  example o f 
th e  ca rd io -v a sc u la r  system) th a t  he would be a bad r is k  even fo r  a 
planned o p e ra tio n  allow ing tim e f o r  a l l  p o ss ib le  p re p a ra tio n .
The on ly  case in  th i s  s e r ie s  which occurred  on the ta b le  in  
March 1948 was th a t o f  a young Chinese female aged 21 y e a rs , the 
mother o f  fo u r c h ild re n , who had no t produced a c h ild  fo r  two years 
and had a g ross  chronic c e r v ic i t i s  upon i/rtiich I  proposed to  o p e ra te . 
She was given 3 cc. o f 0 .3$ p ercain e  in  g lucose. She was 
in je c te d ^ o s tu r e d  and prepared  and draped in  th e  usual way and I  was 
j u s t  about to s t a r t  the  o p e ra tio n  when she sa id  she could no t 
b rea th e  ( th i s  in  a voice th a t I  d id  not hear), suddenly co llap sed  
and d ied , a l l  e f f o r t s  a t re s to ra tio n  f a i l in g  to  rev ive  h e r . This i s  
the s o r t  o f  death th a t i s  so d i f f i c u l t  to exp la in .
One goes on year a f te r  y ear g iv ing  a la rg e  number o f sp in a l 
a n ae s th e tic s  with success and s a t i s f a c t io n ,  never re lax in g  e f fo r t s  
to  ensure the  s a fe ty  o f the  p a t ie n t ;  and then , suddenly, an 
in e x p lic ab le  and to t a l l y  unexpected death  occurs. Perhaps the most 
maddening fe a tu re  o f th is  case was th a t  I  was a t  a complete lo s s  to  
understand the cause, and can only seek refuge in  the p o s s ib i l i ty  
th a t  a few -  a very few -  p a tie n ts  do have an id iosyncracy  to the 
drug. No post-mortem exam ination was c a r r ie d  ou t in  th is  c a se , the 
reason being th a t  she was Chinese and o f  a very w ealthy fam ily .
These people have very d e f in i te  ideas about the s a n c t i ty  o f  the dead 
body, and a post-mortem examination adds a degree o f  in s u l t  upon 
in ju ry  th a t we are  a t  a lo ss  to  understand. No purpose would be 
served i f  I  here  gave a chap ter upon th e i r  a t t i tu d e  towards death 
and a co rpse , in te re s t in g  as such i s .
Many o f  us wish th a t  some t e s t  o f  s e n s i t iv i ty  could be found 
th a t  would be workable in  p ra c t ic e ;  I  have had two deaths under lo c a l  
p rooaine  anaesthesia ; one in  a th o raco p las ty  to  idiom I  c e r ta in ly  gave, 
p u re ly  in ad v e rten tly , more than th e  recognised maximum dose: and 
another f o r  a simple th y ro id  adenoma in  Thich I  observed th e  usual 
p recau tio n so f lo c a l in je c tio n . In  the l a t t e r  case , I  am convinced 
th a t id iosyncracy  e x is ted . She c e r ta in ly  did n o t have an in travenous 
in je c t io n ;  y e t she d ied , and no e f fo r t s  could re s u s c i ta te  h e r. How 
o ften  does the  general surgeon apply cocaine to  a mucous surfaoe 
w ithout mishap, and yet o ccas io n a lly  a sudden death occurs. Surely
th ese  are  due to an abnormal, i f  n o t y e t understood, id io sy n cracy .
Perhaps some t e s t  fo r  s e n s i t iv i ty  w il l  be developed. So f a r  
a sk in  t e s t  has no t been proved valuab le . I t  has been suggested  
th a t  the  f lu id  to  be in je c te d  should  be mixed w ith  a few ccs. o f  
c e reb ro -sp in a l f lu i d  and the r e s u l t in g  m ixture in sp ec ted . I f  
p re c ip i ta t io n  o ccu rs , th e  in je c t io n  should n o t be g iv en . Most o f 
us w il l  agree w ith T a in te r  (1946) th a t  an a n tid o te  i s  u rg en tly  
re q u ire d .
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MT PRESENT TEChMQUB
Convinced o f  the immense importance o f  a t te n tio n  to  d e t a i l ,  I  
now p re se n t my own technique in  every p a r t ic u la r .
Ampoules; Three s iz e s  o f  ampoule are used -
aj one co n ta in ing  5 cc. o f  l- in -5 0 0  p ercain e  in  6$ dextrose.
b) one con tain ing  2 cc. o f  0 .5$  novocaine.
c) one con tain ing  1 cc. o f  5$ ephedrine.
I t  w ill  be noted th a t  these  ampoules are  a l l  o f  d if f e r e n t
s iz e s . There can th e re fo re  be no r is k  o f  confusing them. A ll are 
p repared  by the Superintending B iarm aceutical Chemist o f  the 
F edera tion  o f  Malaya Medical Department in  Kuala Lumpur. He p rep ares  
them p e rso n a lly  and does no t leav e  any p a r t  o f the work to  an 
a s s i s ta n t .  I  know to vhat len g th s  he goes to  ensure  th a t  a l l  
apparatus i s  r e a l ly  clean and f re e  from grease and th a t  the  t r i p l e  
d i s t i l l e d  w ater i s  py rogen -free . Itfhen s t e r i l i s e d  and s e a le d , samples 
from each batch are sen t to the I n s t i t u t e  fo r  Medical Research in  
Kuala Lumpur to  be te s te d  fo r  s t e r i l i t y .  When th is  has been 
c e r t i f i e d ,  they are packed in  dozens and sen t to me. They a r r iv e  
la b e l le d . I  remove the la b e ls  and pu t each in to ^ so lu tio n  o f  methy­
le n e  b lue  in  alcohol which w ill  show the  presence o f  cracks a t  the 
time o f  using i f  the con ten ts  are seen to  be d isco lo u red .
Syringes: These are th ree  in  number, 5 c c . , 2 c c . , and 1 c c . , fo r
th e  con ten ts  of each ampoule. Each syringe is  used f o r  i t s  own 
so lu tio n  and fo r no o th e r puipose.
N eedles: Fine ru s t le s s  s te e l  hypodermic need les are  used f o r  th e
lo c a l an ae s th e tic  and the ephedrine. [The lumbar puncture need les 
a re  22 gauge and made o f  ru s t le s s  s te e l .  A sp in a l awl is  kep t in  
read in ess  but i s  ra re ly  used.
The p a tie n t:  A se d a tiv e , u su a lly  lum inal g r . 1, is  given on th e
previous n ig h t. The lumbar area o f  the back is  w idely p rep ared  as 
though i t  were to  be the  sea t o f o p e ra tio n  and a s t e r i l e  Square i s  
bandaged round the p a t ie n t .  On a r r iv a l  in th e  th e a t re ,  th e  d re ss in g s  
are  removed, the p o s itio n  i s  ad ju sted  so th a t the  p a t i e n t s  
ce rv ico -d o rsa l ju n c tio n  is  p laced  a t  the p a r t o f th e  ta b le  where 
the head-p iece jo in s  the re s t  o f  the ta b le . He i s  then tu rned  on 
h is  l e f t  s id e .
The a n a e s th e tis t  scrubs up as f o r  an o p e ra tio n . I  am 
p a r t ic u la r  to a p o in t o f  fu s s in e s s  about th is  and i n s i s t  upon a 
minimum o f  ten  minutes under running w ater. The sy ringes and 
need les and smpoules a re  washed in  f re sh ly  s t e r i l i s e d  d i s t i l l e d  
w ater and the sy ringes are f i l l e d  w ith th e i r  app rop ria te  s o lu tio n s . 
Each f i l l e d  syringe i s  then inspected  fo r  co lour. The s l ig h te s t  
b lu ish  tin g e  in d ic a te s  p o ssib le  contam ination and the co n ten ts  are 
d iscarded .
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A tten tio n  i s  then d ire c te d  to  th e  p a t ie n t .  The back i s  again 
w idely p rep a red  ( I  use 2 ^  iod ine) and draped. The f in g e rs  o f  the 
l e f t  hand a re  p laced  on th e  c r e s t  o f  the iliu m  and th e  thumb then 
d e fin e s  th e  fo u rth  lumbar sp in e . A dermal wheal i s  ra is e d  w ith lo c a l  
a n a e s th e tic  over the fo u r th  lumbar in te rsp in o u s  space and the t is s u e s  
beneath th i s  are  s im ila r ly  in je c te d . A sp in a l needle i s  s e le c te d ,  
in sp ec ted  to  make c e r ta in  th a t i t s s t i l^ f e t t e  i s  f i t t i n g  a c c u ra te ly , 
and lumbar puncture  i s  c a r r ie d  o u t. This i s  done w ith  the  ungloved 
hand, care being taken th a t  only the  b u tt end o f the need le  i s  touched. 
I  do n o t use gloves because the  sen sa tio n  o f en te rin g  the in tr a th e c a l  
space i s  unm istakeable to  the ungloved hand. A few drops o f  cereb ro ­
s p in a l f lu id  are withdrawn in to  the  syringe and the co n ten ts  then 
ra p id ly  in je c te d . The back i s  covered with a s t e r i l e  square and the 
p a t ie n t  turned  supine with a small Ig- inch th ick  rubber p illo w  p laced  
under th e  lumbar a rea . He i s  then postu red . The head is  a cu te ly  
f le x e d . The rem ainder o f  the ta b le  is  in  a s l ig h t  Trendelenburg 
p o s it io n  depending upon the le v e l o f  an aesthesia  i t  is  wished to  
a t ta in  (except in  low s p in e ls ,  where the  tab le  i s  ra is e d  s l ig h t ly ) .
I  confess th a t  I  always see th a t the le v e l o f  an aes th es ia  i s  high 
enough and do not worry i f  i t  is  s l ig h t ly  h ig h er than ab so lu te ly  
n ecessa ry  -  the e s s e n t ia l  i s  to  have i t  o f  a t le a s t  adequate level*
Meanwhile every th ing  e lse  necessary  is  ready. The a n a e s th e t i s t 's  
ta b le  has a sy ringe and needle and an ampoule of ep h red rin e , a 
stomach tube and an endotracheal c a th e te r ,  gag and prop. The g a s-  
oaqygen apparatus i s  a t  hand w ith  the cy lin d e rs  turned  on a t t h e i r  
mains so th a t  h ig h -p ressu re  oxygen can be adm inistered w ithout delay .
At any time a f t e r  ten minutes the  p a t ie n t  can be p u t in to  any 
p o s it io n  d e sired  as the a n ae s th e tic  so lu tio n  is  then fix ed  and no 
change in  p o stu re  w il l  a l t e r  the le v e l o f  an aes th es ia . By the time 
the o p e ra tio n  area is  s t e r i l i s e d  and draped the p a t ie n t  i s  ready f o r  
o p e ra tio n .
An odd th in g  th a t has s tru c k  me about many th e a tre s  I  have 
been p r iv i le g e d  to  v i s i t  has been the f a c t  th a t  w hile every  member 
o f  the th e a tre  s t a f f  has been gowned and masked, i t  i s  q u ite  common 
f o r  th e  p a t ie n t  under sp in a l an aesthesia  to  be w ithout a mask.
S urely  th i s  is  an example o f  th e  c a re le ssn ess  th a t can happen in  a 
th e a tre  s u i te  o r  su rg ic a l u n it  th a t  i s  not p ro p e rly  o rgan ised . I t  
i s  j u s t  as im portant fo r  the p a t ie n t  to  weal* a mask as i t  i s  f o r  
those a ttend ing  upon him. A mask in  no way in te r f e r e s  w ith  the 
ad m in is tra tio n  o f  such accessory treatm ents as fo r  example the 
ad m in is tra tio n  o f  oxygen.
The p a tie n t* s  eyes are oovered. Sometimes I  p u t ootton-wool 
in  th e  e a rs . Although I  aLways use a g o i t r e  sc reen , I  s t i l l  cover 
the eyes; o therw ise the  p a tie n t  can see what i s  going on in the 
r e f le c t in g  su rface  o f th e  s c ia ly t ic  lanp , in  s p ite  o f  th e  g o itr e  
screen .
Nowadays I  ra re ly  keep a re g u la r  c h a rt o f  the b lo o d -p ressu re , 
e scep t in  higji sp in a ls . There i s  no doubt th a t  frequen t readings 
d is tu rb  the p a t ie n t .  They o fte n  d is tu rb  the a n a e s th e tis t  too .
I f  the b lo o d -p ressu re  drops to  80 nun. H g., high p re ssu re  oxygen i s  
adm in istered  bry the  c losed  method. I  used to  g ive  ephedrine as a 
ro u tin e  but have stopped th is  p ra c t ic e  f o r  some y ears  now. I t  i s  
a u se fu l s tim u lan t i f  the p a tie n t* s  cond ition  causes anx iety .
On re tu rn  to  th e  ward, the p a t ie n t  i s  pu t f l a t  in  bed w ith­
out a p illo w  and he remains thus fo r tw enty-four h o u rs , w ith th e  
sm all p illo w  under h is  back. I f ,  a f te r  24 hours, he has headache 
on s i t t i n g  up, he i s  a t once pu t f l a t  again. Most headaches 
respond to  p o s tu re , and the few severe  ones respond to  a sp ir in  
g r . repeated  as neoessazy. I f  he has not passed  u rin e  w ith in  
e ig h t h o u rs , he i s  c a th e te r is e d  and an a n t is e p t ic  d re ss in g  i s  
bandaged over th e  p e n is  and u re th ra l o r i f i c e  in  the  male and kep t 
th e re  t i l l  he p asses u rin e  h im se lf. U n til then he i s  c a th e te r is e d  
e ig h t-h o u rly . In  fem ales, an a n t is e p t ic  swab i s  ap p lied  to  the  
vulva, a f t e r  swabbing the area , and i s  h e ld  in  p o s it io n  by a s t e r i l e  
pad and T-bandage.
ANALYSIS OF THE SERIES OF CASES PRESENTED
The cases analysed in  the fo llow ing  pages number 1 ,921 , and 
are  d iv id ed  in to  fo u r  s e c tio n s , as fo llow s:
P eriod  A naesthetio  Number
11.8,1940 to  8.12.1941 1 $  procaine 583
1.7 .1946 to  21.10.1946 13^0 p rocaine 182
22.10.1946 to  18.3-1948 0,2$  percaine  in  dextrose 904-
14*9-1948 to  31-1-194-9 0 .2^  percaine  in  6% dextrose 252
T otal . .  . .  1,921
When the Japanese occupied Malaya th ey  destroyed  a l l  th e  
h o s p ita l  re c o rd s , and th e  only  inform ation I  have o f  pre-w ar oases 
i s  from th e  th e a tre  records in  the general h o s p ita l  in  Penang.
A ll th ese  cases were given a maximum o f 1 cc . o f p ro ca in e , 
u su a lly  mixed w ith a few cc. o f  cereb ro -sp in a l f lu id ,  up to  a to t a l  
in je c t io n  not exceeding 5 c c . . They are included because th ey  can 
be used f o r  th e  to ta l  deaths and the  f a i lu re  incidence.
The second s e r ie s  was a lso  a 1 $  p ro ca in e , the  only  d iffe ren c e  
being th a t  in s te ad  o f  being in  mica g lass  ampoules, i t  was pu t up 
in  25 cc. b o t t le s  o f o rd in a ry  g la s s . F a ilu re s  were much more 
common in  th i s  s e r ie s .  They were a lso  c a r r ie d  out in  Penang.
The th i r d  and fo u rth  s e r ie s  are the same except th a t  th e  th ir d  
was done in  Penang and th e  fo u rth  at Ipoh , th e  in te rv en in g  p e rio d  
being due to  my absence on furlough in  B r i ta in . A ll th ese  were 
given up to  a maximum o f  5 cc. o f  0 .2$ p ercaine  in G?o dex trose  put 
up in  ampoules made o f  mica g la s s .
F a ilu re s : 17 o f  th e  f i r s t  583 f a i le d .  None f a i le d  a b so lu te ly .
In  2 th e  le v e l  o f  an aesth esia  was ju s t  no t q u ite  high enough and 
were supplemented by lo c a l p ro ca in e . In  15, th e  an aes th es ia  d id  not 
l a s t  long enough and these  were completed under general an aesth esia  
by gas-oxygen-ether.
In  th e  second s e r ie s ,  anaesthesia  was e ffe c ted  in  th e  same way, 
but from ord inary  g la ss  b o t t l e s ,  which were b o iled  every morning 
befo re  use. This was a t a tim e when I  could get n e ith e r  p erca ine  
nor p roper ampoules. A naesthesia was most u n sa tis fa c to ry  and 
o p era tio n  could not be attem pted in  24  out o f  182  cases. In  a l l  
th e se , o p era tion  was c a rr ie d  out under general an aesth esia  with g as- 
oxygen-ether, o r  w ith open e th e r . P en to tha l sodium was not used 
because a t th a t time th e re  had been a number o f  deaths re s u lt in g  
from i t s  use in  Malaya. Many batches were found to  have d e te r io ra te d  
and in  th e  end an o rder came from th e  D ire c to r of Medic a l Serv ices 
fo rb id in g  i t s  use. I  may add th a t  I  had th ree  deaths a t th a t  time 
follow ing p en to th a l sodium.
The cause o f the f a i lu re s  in  so many cases was almost c e r ta in ly
the method o f s to rag e  o f  the p ro ca ine  and th e  need f o r  freq u en t 
r e - s t e r i l i s i n g .  D oubtless th e  g la ss  gave o f f  more and more a lk a l i  
which fix ed  th e  p roca ine.
In  th e  th i r d  and fo u rth  s e r ie s ,  a to ta l  o f  1,156 in je c t io n s  
o f  p e rca in e  from ampoules was given w ithout any s ig n  o f  f a i lu r e  in  
le v e l ,  deg ree, o r  leng th  o f an aes th es ia .
Deaths: There has been one death on the ta b le , to  which I
have a lready  re fe rre d . I t  took p lace  towards the  end o f th e  th i r d  
s e r ie s  and follow ed the in je c tio n  o f  3 cc. o f  0.2$ p e rca in e  in  Gf> 
d ex tro se . The Coroner d id  not o rd e r an autopsy. A fte r the in q u iry  
th e  fin d in g  was m erely "Death under an a n ae s th e tic . No blame 
could be a ttach ed  to  anyone."
Deaths in  the  s e r ie s :  Out o f  a to t a l  o f  1,921 sp in a l in je c tio n s
th e re  were 26 death s. These are  summarised in  Appendix A. I t  i s  
always d i f f i c u l t  to  a ssess  th e  p a r t  played by th e  a n ae s th e tic . 
U nfo rtunate ly  i t  is  d i f f i c u l t  to  ge t perm ission f o r  post-mortem 
exam inations in  th i s  country  except on a P o lice  o rder.
Appendix A shows the cause o f  death , the  age and th e  p e rio d  
a f t e r  o p e ra tio n  a t which death took p lace . The only s ig n if ic a n t  
ones are the  two cases o f  ruptured  ec to p ic  g e s ta tio n  and the 
caesarean  sec tio n . A ll were young women. A ll had lo s t  a lo t  o f  
blood and were veiy shocked on admission. A ll received  blood 
befo re  and during o p e ra tio n . Yet they  d ied  a t 16, 8 and 8 h o u rs , 
a f t e r  o p e ra tio n  re sp ec tiv e ly . Did sp in a l an aesth esia  co n trib u te  
to  t h e i r  deaths ? I  wish I  could be q u ite  c e r ta in  th a t i t  d id  n o t.
My experience is  not la rg e  enough. The death ra te  in  ru p tu red  
ec to p ic  g e s ta tio n  was l l . ] j£ ;  in  Caesarean sec tio n  i t  was 7*5$* I 3 
i t  t ru e  th a t pregnant women are not s u i ta b le  su b jec ts  f o r  sp in a l 
an aes th es ia  ? On th e  whole I  th ink  i t  more probable th a t  the shock 
and haemonhage were th e  fa c to rs  ra th e r  than the  fa c t  o f  pregnancy.
I t  may w ell be th a t  one o r  more o f  th ese  p a t ie n ts  could have been 
saved by some o th e r form o f  anaesthesia  in  s k i l le d  hands.
The remaining death s c a l l  fo r  l i t t l e  comment, except th a t  two 
gun-shot wounds and two stab-wounds o f  the abdomen died in  13 hours 
and two days. The s tab  wound th a t  died a f te r  two days had in ju r ie s  
to  th e  l i v e r  and g a ll-b la d d e r . He d ied  o f  p e r i to n i t i s  due to  B. 
w e lch ii. These fou r cases a lso  su ffe re d  from haemorrhage w ith shook 
to  which trauma co n trib u ted . Perhaps the cases th a t  do w orst under 
sp in a l an aesth esia  are those  w ith shock due to  trauma and blood lo s s .
The death ra te  in  th i s  s e r ie s  has been what could be expected 
in  a la rg e  number o f  op era tio n s  th a t were not o f  g re a t hazard .
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Compl ic  a t io n s : These r e f e r  only  to  th e  l a s t  1,338 oases.
Headache & Backache; The incidence in  Europeans and Asians 
has been ao d i f f e r e n t  th a t  I  pu t them se p a ra te ly . There a re  no 
records o f  th e  f i r s t  583 oases.
Europeans Asians
T o tal cases . . .  115 1>225
Headache . . .  9 13
Backache . . .  5 N il.
No p a t ie n t  was asked i f  he had headache o r  backache. The 
f ig u re s  given are  o f  those  viw a c tu a lly  informed us th a t  th ey  had 
those  symptoms. Only two had severe  headache. Both were Europeans. 
One, a young man o f 29 y e a r s , had severe  headache f o r  f iv e  days, 
h a rd ly  re lie v e d  by a s p ir in  g r . 5 , o r  even by p o s tu re . He to ld  me 
he o f te n  su ffe re d  headache s in ce  he had had an a ir^ c ra sh  th re e  years 
e a r l i e r .  The o th e r  was a European m arried woman who had severe  
headache fo r  th ree  days fo llow ing  an o p era tion  f o r  haem orrhoids.
She was 39 y ears  o f  age, and had menopausal symptoms.
Nausea and vom iting: This has been by f a r  the commonest
com plication . Some degree o f  nausea occurred on the ta b le  in  582 
ou t o f  1 ,1 2 5 , th a t  i s ,  in  31*02$. Of th ese  26 vomited a f t e r  the 
prem edication and befo re  op era tio n . A ll had morphia g r . J  and 
a tro p in  g r. l/lO O , one hour befo re  op era tio n . The inc idence  was 
h ig h e s t in  th e  high an aes th es ia s; bu t th is  may have been due to  the 
o p e ra tiv e  procedure.
The fo llow ing shows the  incidence in  th re e  zones:
Humber Naus ea J L . Vomited J L
212 175 83 141 66
1322 167 12.65 53 4*2
387 3 0*77 N il N il.




a r e s u l t  o f  the a n a e s th e tic , a f te r  tw enty-four hours.
Number Died 
H esp irato iy : “
Massive co llap se  o f  lung . . . . .  4
Bronchopneumonia .........    7
"Bronchitis'* . . . . .  • • • • •  83
Number Died
C ard io -vascu lar:
P e rip h e ra l p h le b i t i s ,  le g  .........  3 N il
Pulmonary embolism, c e r ta in  .........  3 1
probable .........  2 2
C ircu la to ry  f a i lu r e    3 3
C erebro -sp inal:
P a ra ly s is  abducens nerve   7 Nil*
These were a l l  in  people mho complained o f double v is io n . 
Three were in  Europeans. A very la rg e  number o f  my Asian p a tie n ts  
are  i l l i t e r a t e ;  many o f  th e se  may have had an unnoticed  p a ra ly s is .  
A ll c lea re d  up in  fo u r days.
No oa3e o f m en in g itis  o r  cauda equina involvement ooourred.
SUMMARY
A review  o f  th e  l i t e r a t u r e  on sp in a l an aes th es ia  is  p re sen ted . 
The recorded experiences and op in ions o f  o th e rs  fo llow ing  experim ental 
and o l in ic a l  in je c t io n  have been c r i t i c i s e d  and commented upon. I t  
has been no ted  th a t  a l l  w rite rs  have observed co n tra in d ica tio n s*
S p ina l an aes th es ia  has been used f o r  almost every o p era tio n  in  Surgery 
-  some under t o t a l  body an aes th es ia . The dangers and d i f f i c u l t i e s  
and com plications are  explained . A personal experience o f  1,921 cases 
o f sp in a l an aes th es ia  i s  p resen ted . H yperbaric so lu tio n s  were used 
in  a l l .  Everyone considered f i t  fo r  a g en era l an ae s th e tic  was 
subm itted  to  sp in a l an aesth esia . The technique and oare o f  the  
p a t ie n t  are  d esc rib ed . The re s u l ts  are recorded, w ith d e ta i l s  o f  
f a i l u r e s ,  com plications and deaths.
CONCLUSION
A review o f  a la rg e  number o f  papers on sp in a l a n ae s th e s ia , 
w r it te n  m ostly in  E n g lish , shows th e  enormous in te r e s t  th a t  has been 
taken in  th i s  su b jec t s in ce  th e  time o f  B ier. Most o f th ese  show 
th a t  i t  is  a u sefu l and valuab le  method, g iv ing  e x c e lle n t m uscular 
re la x a tio n  and r e s u l t s  oonp a rab le  with those o f  g en era l an ae s th e s ia , 
a t l e a s t  where the  se rv ice s  o f  a s p e c ia l is t  a n a e s th e tis t  are not 
a v a ila b le . A few w rite rs  have been opposed to  i t ,  and some alarm ing 
experiences have been recorded. The method i s  not w ithout danger, 
e sp e c ia lly  in  u n sk ille d  hands and where these  r isk s  are  not ap p rec ia ted .
Perhaps the  c h ie f  drawback to  sp in a l an aesth esia  is  -the f a l l  in  
b lood-p ressu re  th a t i s  such a common accompanying phenomenon. The 
im portant question to  decide is  whether th is  is  a cause fo r  alarm . A 
long perso n al experience persuades me th a t th is  low b lood-pressu re  
does not in p e r i l  the l i f e  o f  the  p a t ie n t ,  so long  as measures are 
taken  to  p reven t and combat i t s  e f f e c ts .  These measures th a t are  
e f fe c t iv e  are  p u ttin g  the  p a t ie n t  in  the Trendelenburg p o s i t io n , 
in je c t io n  o f a n a le p tic  drugs and the ad m in is tra tio n  o f 10Q# oxygen 
under p re ssu re . The Trendelenburg p o s itio n  is  p a r t o f  th e  technique 
o f l i g h t  sp in a l an aesthesia  and can s a fe ly  be adopted some te n  minutes 
a f t e r  in je c tio n  of a hyperbaric  so lu tio n . Drugs l ik e  ephedrine w il l  
c e r ta in ly  h e lp  to  reduce the f a l l  in  b lood -p ressu re  and c o rre c t i t .
T h e ir e f fe c t  tends to  pass o f f  and in je c tio n  may have to  be repeated  
once o r  even tw ice. In  emergency, they  can be used in travenously . I t  
appears th a t  whatever the  cause o f th is  f a l l  in  b lo o d -p ressu re , i t s  
most im portant e f fe c t  i s  to  cause t is s u e  anoxia, and th is  e f f e c t  i s  
b e s t coun terac ted  by oxygen in  high con cen tra tio n .
Spinal an aesthesia  has i t s  p lace  in  the p ra c tic e  o f the  
s p e c ia l i s t  a n a e s th e tis t .  But i t s  g re a te s t  appeal and value w ill  be to  
the  surgeon who does not enjoy th i s  s k il le d  a ss is ta n c e . The 
in tro d u c tio n  o f curare  to produce muscular re la x a tio n  w il l  ten d  to  
rep lace  sp in a l anaesth esia  where th i s  e f f e c t  is  the  c h ie f  in d ic a tio n  
fo r  i t s  use. At the moment cu rare  has not been shown to be w ithout
danger. I t s  ad m in is tra tio n  c a l ls  fo r  th e  se rv ice  o f  an a n a e s th e t i s t ,  
and so i t  cannot o ust sp in a l an aesth esia  com pletely.
C ontroversy has always e x is ted  in  Medicine and Surgery. I t  
has c e r ta in ly  raged about an aes th es ia  s in ce  the days o f chloroform  
and e th e r . As a medical s tu d en t, I  was brought up in  a chloroform  
schoo l. This was in  th e  years  1918 to  1923* As l a t e  as 1936 I  had 
g re a t d i f f i c u l ty  in persuading a s e n io r  surgeon in my own teach ing  
h o s p ita l  to  allow  me to give an e th e r  an aesth esia . He was a 
b e l ie v e r  in  chloroform . To him chloroform  was th e  only  sa fe  
a n a e s th e tic  agent. I  spen t much tim e in  h is  a n ae s th e tio  room and 
was appalled  a t th e  number o f p a tie n ts  to  whom a r t i f i c i a l  
r e s p ira t io n  was given before  t r a n s fe r  to  the  th e a tre . The house 
surgeon, who was the a n a e s th e tis t ,  had very much more an x ie ty  in  
one month o f  chloroform  than I  have had in  twenty years w ith sp in a l 
a n aes th es ia .
The im portant th ing  about sp in a l an aesth esia  i s  no t p re ju d ice  
in  favour o f  a c e r ta in  method. What m atte rs  is  thorough understanding 
o f the  technique i t  i s  proposed to adopt. Every d e ta i l  m a tte rs ; 
none is  t r i v i a l .  Pew indeed o f the  acciden ts  and se r io u s  complica­
tio n s  and sequelae are unavoidable.
F a ilu re  is  due to  improper technique. M ening itis i s  avoidable 
by c a re fu l a sep s is .
Where th e  se rv ice s  o f a s p e c ia l is t  a n a e s th e tis t  a re  not 
a v a ila b le , p a tie n ts  cannot rece iv e  th e  most su ita b le  a n a e s th e tic .
They must be subm itted to  the b e st form o f  an aes th es ia  lo o a lly  
o b ta in a b le , and th e  surgeon must share  p a r t  a t  l e a s t  o f the 
a n a e s th e tic  re s p o n s ib i l i ty .  The adoption o f sp in a l an aes th es ia  
re lie v e s  th e  surgeon o f the a n x ie tie s  th a t  accompany general 
an aesth esia  in  u n sk ille d  hands.
Some a t l e a s t  o f the deaths follow ing sp in a l an aes th es ia  may 
be due to  id iosyncracy . A t e s t  fo r  s e n s i t iv i ty  would be in v a lu ab le .
A part from the  obvious one o f  lo c a l sep s is  a t th e  s i t e  o f 
p u n c tu re , the ch ie f  c o n tra in d ic a tio n  to  sp in a l an aesth esia  appears 
to  be shock re su ltin g  from haemorrhage, e sp e c ia lly  when aggravated 
by trauma.
A lthough  t o t a l  body a n a e s th e s ia  can be o b ta in e d , i t  i s  s a f e r  
not to  go h ig h e r  than th e  seco n d  d o rsa l segm ent.
In  a tro p ic a l c lim ate  o f high hum idity where coughs and colds 
and chronic re sp ira to ry  d isease  (ap a rt from tuberculous) are uncommon 
and eheumatic fev er is  unusual, re sp ira to ry  and ca rd io v ascu la r 
com plications are minimal.
APPENDIX "A"
L is t  o f  O perations under Spinal A naesthesia 
Abdominal Number
Cholecystectom y •• •• 7
C holelithotom y •• ••  3
Choi edochol ithotomy . .  . .  1
Gastrectomy (Cancer) •• . .  3
Gastrectom y (U lcer) . .  •• 6
Gastrostomy . .  . .  5
G astno-jujenostom y •• •• 1$
Choi eoyst-gastrostom y ••  •• 1
P e rfo ra ted  G astr ic  U lcer •• 9
P e rfo ra ted  Duodenal U lcer . • 6
Splenectomy . .  . • 4
Laparotomy •• ••  6
Laparotomy (G.S.W.) •• • • 5
Laparotomy (Stab Wound) •• 12
Laparotomy (Ruptured in te s t in e )  . .  4
Colectomy brigh t Hemi.) ••
■Colectomy (Cancer) •• •• 2
■Colecto my (T uberculosis) •• 6
Ool e c t oay  (Ghrohn’s D isease) »• 2
Coleetony  (p e r s is te n t  f i s tu la )  • • 1
Colectomy( spenio flex u re  • • 1
Colectomy sigmoid •• •• 1
Colectomy^ abdom ino-perineal > • 1
C losure o f  Colostomy • • ••  1
Colostomy .•  • • 5
E x te r io r is a t io n  o f Colon . • 2
Megacolon (Therapy) ••  ••  7
Acute In tu ssu scep tio n  (reduction) 3
A ppend icitis  (acute) •• •• 211
A ppend icitis  ( in te rv a l)  •• 59
A ppend icitis  (abscess) •• •• 10
Lumbar Sympathectomy • • • • 2
P e rsa c ra l neurectomy •• •• 2
B. Genito-urinary Number Deaths
O perations on the  k idneys, u re te r s  
and b ladder:
Nephrectomy (Cancer) . . .  1
Nephrectomy (ca lcu lous pyonephrosis) 3 1
Nephrectomy (ru p tu re ) . . .  3
N ephrolithotom y . ••  4
ly e lo li th o th o y  . . .  17
Renal Sinus •• •  4
U retero-1ithotom y • • •  6
T ran sp lan ta tio n  o f U re te rs  • ••  6 (3 oases) -
Suprepubic litho tom y . . .  27
Rupture o f  B ladder •••  1
B ladder F is tu la  . . .  1
Qystoscopy • •• 97
Prostatectom y . . .  11
O perations on th e  p e n is , scrotum , 
t e s te s :
Amputation ( p a r t ia l )  • ••  2
Amputation (com plete, w ith glands) 7 •
L acerated  pen is  . . .  2
L acerated  Scrotum . . .  1
U rethnol ithotomy . . .  5 -
Ruptured U rethra . . .  7 ”
U re th ra l F is tu la  . . •  17
S tr ic tu r e  • • • 26 -
F.B. in  U rethra • • •  1
Phimosis ( a l l  ad u lts) . . .  6 -
Paraphim osis (a d u lt)  . . .  1 -
V aricocoele •• •  7 •
Haematocoele . . .  4  “
Hydrocoele • • • 72 -
Hydrocoele (o f  cord) . . .  1 -
Orchidectony (Tuberculosis) •••  2 •»
O rchidectony (Tumours) . . .  4  -
C. Gynae oologic a l
P e lv ic  f lo o r  r e p a ir  . . .  29
P e lv ic  f lo o r  re p a ir  (w ith abdominal
sec tio n ) 7
Number Deaths
P e rin e a l Tumours (Cancer; •  • • • • • 2 -
P e r in e a l Tumours (Simple] e  e  • • •  • 2 -
D ila ta t io n  and C urret age (d iag n o stic ) 7 -
D ila ta t io n  and C urretage (re ta in e d
products) 62 -
D ila ta t io n  and Curretage (H ydatidiform
mole) 2 •
Oophorectomy e  e  • •  #  • 59 -
Salpingo-oophorect ony e  e  • •  •  # 7 -
Salpingectomy- e •  e •  •  • 14 —
U reth ra l Caruncle • ♦ • • • • 2 -
H ysterectom y, s u b to ta l • e  e • e • 64 -
t o t a l • • e • • • 8 -
pan- • e • • e e 14 1
Wertheim* s e  •  e •  • # 11 1
Myomectomy •  e e •  e  e 3 -
Broad ligam ent tumours e e  # •  •  • 3 -
c y s ts •  •  • •  •  • 1 •
Ruptured ecto p ic  g e s ta tio n  . . . •  e • 26 2
V esico-vag inal f i s t u l a •  e  e e •  • 6 “
Amputation o f  Cervix • • • •  # a 6 1
Exoision B a rth o lin ’ s Qyst s e e e e • 1 -
Excision  Qyst o f  vaginal wall •  * • 1
Caesarean Section •  #  e • • • 13 1
D. Legs and Buttocks
■Amputations, Syme'a . . .  • • •  3
leg  •••  • • •  1
supracondylar .................. 1
through th i# i
F rac tu re  o f  p a te l l a ,  ex c is io n  •••  3
su tu re  • • • 2
Removal o f  f .b .  ( b u l le t s ,  e tc .)  . . .  13
Mumber
R epair o f  la c e ra tio n s  . . .  9
Cut tendo a c h il le s  ( re p a ir )  3
E xcision  o f  Tumours . •• 12
V aricose Veins . . .  4
I n te rn a l  derangements k n e e -jo in t 6
Compound F rac tu re s  • • •  37
Simple F rac tu re s  . . .  48
D is lo c a tio n , Hip • • •  2
Semimenbranous bursa  . . .  3
F lex ion  c o n tra tu re  knee . . .  4
O steotom ies . . .  16
S m ith-petersen  p in  • . • 4
Sequestrectom ies . . .  27
O perations on th e  rectum  and anus, e tc* :
Haemorrhoids •••  113
F issu re  in  ano •••  * 14
F is tu la  in  ano . . .  37
Removal o f  fo re ig n  body 1
P ro lapse . . .  3
P ilo n id a l s in u s  . . .  1
O perations fo r  h e rn ia :
In g u in a l •••  321
In gu ina l ( b i l a te r a l )  • • •  8
In gu ina l (s tran g u la ted ) •• •  75
In g u in a l ( rec u rrin g ) . . .  3
Femoral ••• H
Femoral (s tran g u la ted ) . . .  4
U m bilical •••  5
U m bilical (obstruc ted ) . . .  2
G lu teal •• • 1
In c is io n a l  •• •  ^
APPENDIX A (Oontd.)
ASB-GBOUPS:
Age Number Age Number Age Number
Under 1 year: 10-14 y ears  . .  49 70 years . . .  • . 7
23 days .............. 1 15-19 years . .  119 71 years  . . . . .  6
3 months . . . . .  2 20-29 y ears  . .  490  72  y ears  • • • • •  3
3 months .............  1 30-39 y ears  . .  551 73 y e a r s ........... 2
8 months .............  1 40-49 years  . • 388 74 y e a r s ...........  2
U  months..................  1 50-59 years . .  168 75 y e a r s ...........  1
1 -2  y ea rs  . . . . .  2 6 0 -6 4  y ears  . .  61 J6 y e a r s   5
3 -4  years ....... .............  9 65-69  y ears  . .  17 80 y e a r s ...........  1
5-9 y ea rs  ............. 33 85 y e a r s   1
ANALYSIS OF DEATHS:
a t  death O peration Survived Cause o f  death
62 choledooholithotom y 3 i hours h e p a tic  f a i lu r e .
74
36
su b to ta l  gastreo to n y  . . .  
c lo su re  p e rfo ra ted  u lc e r
3 days h e a r t  f a i lu r e .
-  g a s t r ic  . . 2 days p e r i to n i t i s .
25 G.S.W. abdomen 13 days p e r i to n i t i s .
61 Gr. S. W* abdomen . . . 17 hours m u ltip le  wounds.
65 s tab  wound abdomen . . . 2 days B. w e lch ii p e r i to n i t i s
23
53
s t  ab wound abdomen 
abdom ino-perineal excision
14 hours m u ltip le  in ju r ie s .
o f rectum . .  • 33 hours shock, o p e ra tiv e .
7 acute  a p p en d ic itis  . . . 24  hours p e r i to n i t i s
29 acu te  a p p en d ic itis  . . . 17 days pulmonary embolism.
33 acute a p p en d ic itis 3 days p e r i to n i t i s .
46 acute a p p en d ic itis 2 days p e r i to n i t i s .
61 acute ap p en d ic itis  . . . 2 days p e r i to n i t i s .
59
43
e x te r io r is a t io n  o f  colon . 
nephrectony (ca lcu lous
9 days h ea rt f a i lu r e .
pyoneph ros i s )  . . . 4 days broncho pneumonia.
37 panhysterectony . . .  
W ertheia^s o p era tion  . . .
3 days massive a te le c ta s i s .
39 24 hours shock, o p e ra tiv e .
23 Ruptured ec to p ic  g e s ta tio n 16 hours shook due to  blood- 
lo s s ,  o p e ra tio n  and 
p o ss ib ly  an aes th e tio .
27 Ruptured ectop ic  g e s ta tio n 8 hours — do —
19
62
Caesarean sec tio n  . . .  
osteotomy (f ra c tu re  neck
8 hours — do —
o f femur) . . . 23 days ? pulmonary embolism.
a h e rn ia  • • • 20 days ? pulmonary embolism.
63
43
h e rn ia
s tran g u la ted  h e rn ia
10 days h e a r t f a i lu r e .
26
(re sec tio n ) ••• 
s tra n g u la ted  h e rn ia
19 hours p e r i to n i t i s .
31
(resec tio n ) . . .  
s tra n g u la ted  h e rn ia
2 days p e r i to n i t i s .
(re sec tio n ) . . . 3 days p e r i to n i t i s .
APPENDIX "B"
REFERENCES
-  A -
Adel  man , M.H. A Irw in , C .I • (1946) -  A naesthesiology J: 422-425.
A d rian i, J .  (1946) *" Chemistry o f  Anaesthesia: Oxford: Blaefcwell
S c ie n t i f ic  P u b lica tio n s .
A d rian i, J .  A R ovenstine, E.A. (1940) -  Proc. Soc. Exp. B io l.
Mod. 45: 415-417*
Agar, H. (1943) “ B r i t i s h  Medical Jo u rn a l 2: 101-103-
Aikenhead, D.C. (1945) ” Can. Med. Ass, J .  52: 162-165*
A lle n , J .G . & L iv in g sto n e , H. (1940) -  A naesthesiology 1: 89*95»
A ltsch u le , M.D. & Gilman, S. (1939) -  New Eng. J .  Med. 221: 600-601.
Anderson, B.M. (1946) -  A naesthesiology 7: 1-9.
Andre, H.H. (1942) -  An. A Analg. Ms 21: 54-59-
Apgar, V. (1939) -  An. A Analg. 18: 241-245*
Apgar, V. (1942) -  A naesthesiology 3: 522-529.
Armstrong, D. (1946) -  B r i t .  Medical J .  2: 264-265*
Ashworth, H.K. (1933) -  B r i t .  J .  An. 10: 127-132.
-  B -
Babcock, M.E. (1932) -  An. A Analg. 11: 184-188.
Babcock, 1T.W. (1906) -  Therap. Gaz. 30: 239-244  
Babcock, W.W. (1928) -  Amer. J .  Surg. 5: 571-576.
Bacon, H.E. (1941) -  An. & Analg. 20: 333-337.
B aird , J.W. (1943) -  A naesthesiology 4: 17-24.
Baker, l.H . (1947) -  B r i t .  J .  Suig. 34: 385-388.
B a rr ie , H .J. (1941) -  Lancet 1: 242- 243 .
B atten , D.H. (1941) -  An. A Analg. 20: 115.
B a tten , D.H. (1943) -  Ib id  143-150.
B eecher, H.K. (1938) -  "The Physiology o f  A naesthesia" New Tork A
Oxford: P. 271 (Quoted by Sellm an, P .) .
B e lin k o ff , S. (1946) -  A naesthesiology 7: 258- 275 .
B e l l i s ,  C .J. (1944) -  Surgery 1 6: 896-905*
B ie r , A. (1899) -  Deutsche Z tschr. P. C hir. 51s 361-369*
B il l in g to n , R.W. (1924) -  J* Amer. Med. Ass. 83 : 683-686.
B i t t r io h ,  N.M. (1939) -  An. A Analg. 18: 29-36.
B i t t r i c h ,  N.M. (1945) -  The U rological A Cutaneous Review 49: 133-138. 
B lack, M.G. (1947) -  A naesthesiology 8 : 382- 388 .
Booker, W.H. A Johnson, V.B. (1944) -  An. A Analg. 23: 255-257* 
B o t te r e l l ,  E.H. & Magner, D. (1945) -  Lancet I t  112.
Bourne, W. (1942) -  B r i t .  J .  An. 18: 2.
Bourne, W., Leigh, H .D ., I n g l i a ,  A.N. & Howell, G.E. (1942) -
A naesthesiology 3: 272-281.
Bowman, P.B. (1946) -  Can. Med. Ass. J .  54: 148-150.
Boyd, B.A. (1936) -  B r i t .  J .  An. 13: 56- 65.
Brennan, H. (1934) -  B r it . J .  An. (Ju ly) 147-153*
Brown, G. (1946) -  An. A Analg. 25: 118-131.
Burch A H arrison  (1930) -  Arch. Surg. 21: 330.
B urford , G.E. (1942) -  A naesthesiology 3: 159-170.
-  C -
C haikoff, J .S .  (1940) -  An* A Analg. 19: 121-131.
C haikoff, J .S .  (1947) -  Ib id  26: I 56- I 63 A 203-211.
Canrobell, L .B ., Crane, R.M* A Sankey, B.B. (1947) -  An. A Analg.
26: 255-259*
de Caux, P .P . (1932) -  An. & Analg. 11: 68-70.
C aw , J .N . (1938) -  B r i t .  J .  An. 15: 158-165.
C harles , R .L. (1936) -  An. <fe Analg. 15 : 206-208.
Cole, P .P . (1941) -  B r i t .  J .  Surg. 29: 168-181.
Cooper, M.P. (1939) -  An. & Analg. 18 : 291-294.
C om ing, J .L .  ( I 885) -  New Yoik Med. J .  42: 483- 485 .
Com ing, J .L . (1888) -  New Yozk Med. Rec. 33: 291-293.
Cosgrove, S .A ., H a ll, P .O ., & Gleeson, W.J. (1937) -  An. & Analg.
16: 234-237.
C o tu i, F.W. & S tandard , S. (1932) -  Suig. Gyn. Obs. 55 : 290-297. 
C o tu i, F.W. (1934) -  An. & Analg. 13: 143-151 A 183-192.
C o u rv ille , C.B. (1936) -  Medicine 15: 129 (quoted by Ifoolmar 1948) 
C u b itt, A.W. (1936) -  B r i t .  J .  Suig. 24: 215-225*
C u llen , W.G. & G r if f i th s ,  H.R. ( ) -  An. & Analg. 26: 114-121.
-  D -
D aley, R. (1943) -  B r i t .  Med. J .  2: 179.
Davidson, I.M . (1947) -  Lancet 2: 653-654*
D avies, L . ,  Haven, H ., Givens, J .H . & Emmett, J .  (1931) -
J .  Amer. Med. Ass. 97: 24*
De-Lee & G reen h ill (1943) -  P r in c ip le s  & P ra c tic e  o f O b s tre tie s
8 th . Ed.
D illo n , J .B . (1947) -  J -  Amer. Med. Ass. 135: 977-981.
D insdale , T. (1947) -  A naesthesia 2: 17-27*
Dodd, H. & P re s c o tt ,  F. (1943) -  Suig. Gyn. Obs. 77: 645-656.
Doud, E.A. & B ovenstine, S.A. (1940) -  A naesthesiology 1: 82-86.
-  E -
E cker, a.D . (1945) -  Lanoet 1: I 7 6 .
Edwards, A.T. (1938) -  B r i t .  J .  Suig. 26: 166-192.
E ib e r t , H. (1922) -  Mnsohr. p sy ch ia t. Neurol. 52: 347 .
Elam, J .  (1944) -  B r i t .  J .  A naesthesia 19: 32-46*
Essex , H .F ., Wegria, R .G .E., H e irio k , J .F .  & Mann, F.C. (1939) -
Proc. Amer. Physio l. Soo.
E thering ton-W ilson , W. (1933-1934) -  Proc. By. Soo. Med. 27: 323-331.
E therington-W ilson , W. (1943) -  B r it .  J .  An. 2 : 43-55*
E therington-W ilson , V. (1944-1945) -  Proc. By. Soo. Med. 3 8 : 109-115.
Evans, C.H. (1929) -  Spinal A naesthesia, (1929) -  London, W illiam
Heinman (Medical Books) L td .
Evans, C.H. (1929) -  Spinal A naesthesia , New Yoik & Hoeber 103-110.
Evans, F .T . (1945) -  Lancet 1: 115*
E v e re t t ,  A.D. (1942) -  Proc. Roy. Soc. Med. 35* 208-210.
E v erso le , U.H. (1945) -  J* Amer. Med. Ass. 128: 256-261.
-  F -
F a i r l i e ,  H.P. (1932) -  B r i t .  J .  An. 9* 162-168.
F a iro lough , W*A» (1945) -  B r i t .  Med. J .  2: 801-803*
Ferguson, F.R. & Watkins, K.H. (1938) -  B r i t .  J .  Suig. 25: 735-752.
Ferguson, L.K. & N orth, J .P .  (1932) -  Suig. Gyn. Obs. 54 ; 631-634*
F ish e r , S .J .  & Whit acre , R .J . (1947) -  Anaesthesiology 8 : 584-588.
F o s te r , A .D ., Neumann, C. & R ovenstine, E.A. (1945) -  A naesthesiolqgy
6 : 244-257*
Franken, H. ( l 935) -  B r i t .  J . An. 12: 81-88 & 124-131*
F ra se r , H. (1940) -  Can. Med. Ass. J .  43: 251- 255 .
-  G -
G ardner, H.B. (1930) -  B r i t .  J .  An. 7: 71-79.
G arth , W.L. (1936) -  An. & Analg. (March & A pril) 72-76.
G arth , W.L. (1944) -  An. & Analg. 23: 125-128.
Gellman, M. (1940) -  J .  B r i t .  & J t .  Suig. 22: 980-985#
G ille s p ie , N.A. (1944) -  B r i t .  J .  An. 19: 1-16.
G ir th , W.L. (1936) -  An. & Analg. 73: 72-75.
Goiham, A.P. (1933) -  B r i t .  J .  An. 11: 12-15.
Gowar, P .J .S . (1941) -  B r i t .  J .  Surg. 29: 3-18.
G rant-W hite, H. (1937) -  B r i t .  J .  An. 14: 55-79*
Gregoxy, R. & Levin, W.C. (1945) -  J .  Lab. & d i n .  Med. 30: 1037-1043*
Gregory, R ., Levin, W.C., Ross, G.X. & B ennett, A. (1946) -
Arch. I n t .  Med. 77: 385-392.
G r i f f i th s ,  H .F. (1934) -  B r i t .  J .  An. 11: 89-109*
-  H -
Hand, L.V. (1940) -  Suig. Cl. N. Amer. 20: 647-652.
H arbord, R .P. (1943) -  B r i t .  J .  Suig. 30: 236-237*
H a r r is ,  T.A.B. ( l 939) -  B r i t .  J .  An. 16: 4 ( J u ly ) .
H a rr is , T.A.B. (1942) -  B r i t .  J .  An. 18: 11-26.
H arriso n , P . (1940) -  Suigery 7: 910-917*
Haugen, P .P . ,  Ruth, H.S. & T ay lo r, I .B . (1942) -  A naesthesiology
3: 52- 60.
Haugen, P .P . (1943) -  An. & Analg. 22: 152-157*
Hanks le y , M. (1944) -  B r i t .  J .  Suig. 31: 242-24$.
Haynes, W.G. & Smith, P.A. (1942) -  A naesthesiology 3: 444-447.
Heard, K. (1938) -  An. & Analg. 17:
Heard, K. ( ) -  Suig. Gyn. Obs. 70: 657-661.
H eard, K. (1946) -  An. & Analg. 25 (S e p t.-O c t.) :  191-199*
H ershey, S.G. (1945) -  New Yoik S ta te  J .  Med. 1761-1764.
Hewer, C.L. (1941) -  B r i t .  J .  Surg. 28 : 615-627.
Hewer, C.L. (1944) -  "Recent Advances in  A naesthesia & A nalgesia"
(J . & H. C hurch ill L td .) Chap. XEV.
H i l l ,  E. P a lk n er, (1931) -  B r i t .  J .  An. 8: 132-150.
H i l l ,  E. Palkner (1933) -  B r i t .  J .  An. 11: 3-11.
H i l l ,  E. Palkner (1934) -  Ib id  11 (Ju ly ): 142-146.
H i l l ,  E. P alkner (1935) -  I b id  12: 2 (Jan) 70-77-
H irsc h fe ld e r , A.D. & B ie te r ,  R.N. (1932) -  H iysio l Rev. 12? 190-282.
H o lie s , K.E. (1942) -  Can. Mied. Ass. J .  46 : 351-354.
Holmes, P. (1948) -  A naesthesia 3: 67-72.
Hopkins, (1902) -  J .  Amer. Med. Ass. 3 8 : 355*
Hughes, C. (1927-1928) -  Proc. Roy. Soc. Med. 21; 189-196.
H u rx th a ll , L. (1932) -  J .  Amer. Med. Ass. 100: 12*69.
H u tton , J .H . (1943) -  An. & Analg. 22.
Hyman, I .R .  & Wbod, P.M. (1942) -  An. & Suig. 115: 864- 868 .
-  I  -
I  as on, A .H ., L ederer, M. & S te in e r , M. (1930) -  Suig. Gyn. Obs.
51: 76-80.
I g la r e r  & A ltschu le  (1940) -  J .  C lin . In v e s t. 19 : 503-
-  J  -
Jack so n , D.E. (1947) -  Our. Res. in  An. 4  Analg. 26: 1-11 4  64-73* 
Johnson , B.R.M. (1931) -  B r i t .  J .  An. 8: 104-111.
Jo n e s , W.H. (1930) -  B r i t .  J .  Suig. 7: 99-113*
Jo n e s , W.H. -  I b id  7: 146-156.
Jo n e s , W.H. (1931) -  B r i t .  J .  An. 9: 3-12.
Jo n e s , H. 4  Trengpt, P. (1937) -  An. 4  Analg. 16: 26-30.
-  K -
Kaye, G. (1936) -  B r i t .  J .  An. 13: 110-127.
K e lly , P.A. (1939) -  B r i t .  J .  An. 7: 17-22.
Kennedy, P .O ., Sombexg, H.M. & Goldberg, B.R. (1945) -  J .  A)ear.
Med. Ass. 129: 664-667*
K ershner, D. 4  Spap iro , A.L. (1946) -  Amer. J .  Suig. 72: 43-46.
Keys, T.E. (1945) -  An. 4  Analg. 24: 104-108.
Keys, T.E. (1945) -  "The H is to ry  o f  S urg ica l A naesthesiaw
New York, 3chuman*s.
K i r t l in  4  Sudarf (1939) -  Proc. Mayo. C lin . 14: 502.
K nigh t, R.T. (1945) -  A naesthesiology 6: 225-230.
K o ster, H. 4  Kasman (1949) -  Surg. Gyn. Obs. 49: 617-630.
K o ste r , H ., Shapiro , A ., 4  Leikensohn, A. (1938) -  Arc. Suig. 37 : 603-
Kremer,. M. (1945) -  B r i t .  Med. J .  2: 309-313*
-  L  -
Labat, G. (1930) -  Suig. C lin . N. Amer. 12: 643*
Lahey, P.H. (1940) -  Suig. C lin . N. Amer. 20: 611-614.
Latham, R.M. (1942) -  An. A Analg. 21; 34-40.
Lee, J  .A. (1944-1945) -  Proc. Soy. Soo. Med. 38: 115-118.
Lee, J .A . A Essex (1944) -  An. & Analg. 23: 171-173.
Leech, B.C. (1947) -  Can. Med. Ass. J .  56: 28-34.
Lemmon, W.T. (1939)
Lemmon, W.T. (1940) -  Ann. Suig. I l l :  140-144.
Lemmon, W.T. & Paschal J r . ,  G.W. (1941) -  Penn. Med. J r .  44: 975*981.
Lemmon, W.T. & H eger, H.G. (1944) -  Ann. Suig. 120: 129-142.
Lemmon, W.T. (1946) -  Can. Med. Ass. J .  54: 363-368.
Lewis, I .  (1936) -  B r it .  J .  Suig. 24: 326- 367 .
Lewis, N.H. (1944) -  An. A Analg. 23: 29- 3 3 .
L ig h t, G ., Sweet, W.H., L iv in g sto n e , H. A Engel, S. (1940) -
Suig. 7: 138-156.
L indy, J . S . , Essex, H.E. A Kernohan, J.W. (1933) -  J* Amer. Med. Ass.
101 : 1564-1567.
L iv in g sto n e , H ., Wellman, V ., Clarice, D. A Lambross, V. (1945) -
Suig. Gyn. Obs. 77: 217.
Lorhan, P.H . A Mosser, D. (1947) -  Ann. Suig. 125: 171- 176.
L o ts , A.K. (1937) -  An. A Analg. 16: 70-74*
L o v e ll, R.M. A Dunn, H.L. (1932) -  An. A Analg. 11: 37-41*
Lund, P.C . A Rumball, A.C. (1947) -  A naesthesiology 8 : 181-199
Lyford, 3nd. J . , B erger, O.L. A Shumacker J r .  H.B. (1942) -
B u lle tin  o f  J .  Hopkins* Hosp. 70: 488-503.
-  M -
Mad an (1944) -  B r i t .  J .  A. An. 19: 87-94*
Macpherson, G. (1939) -  B r i t .  J .  Suig. 27; 34-37*
M ag ill, I.W. (1936) -  B r i t .  J .  An. 13: 92-109.
M allin son , F.B. (1938) -  B r i t .  J .  An. 16: 22-27.
M azg o ttin i, M. (1937) -  P b ly c lin ic o  444 1385-
M artin , R .C ., L iv in g sto n e , H. A Wellman, V. (1945) -  Arc. Su ig .
50 i 130-136.
M artin , S. A Schwab, J.M. (1945) -  A naesthesiology 6: 145*
Maxson (1938) -  S p inal A naesthesia , J .B . L ip p in co tt Co: P h ild a lp h ia . 
Mo Cann, J .C . (1947) -  An. A Analg. 26: 89-104- 
Mo Cann, J .C . (1947) -  Ib id  26: 140-154*
Me C arthy , K.C. (1947) -  An. A Analg. 26: 30-33*
McDonald, A.D. A W atkins, K.H. (1938) -  B r i t .  J .  Suig. 25 : 879-883.
Mo E l l i g o t t ,  D.C. A Watkins (1936) -  An. A Anlg. 15 : 288-291. 
M e lv ille  A S teh le  (1931) -  J .  Ph. A Exper. Ther. 42: 455*
M e lv ille , K .I . (1946) -  A naesthesiology 7: 176- 18 9 .
M ered ith , R.H. (1941) -  Gan: Ass. J .  44: 394-396.
Milowsky, J .L .  A B etancourt, R.H. (1945) -  A naesthesio logy 5: 600-602. 
M ilward, F .J .  A G rout, J .L .A. (1936) -  Lancet 2: 183-184.
Mbigan, A.D. (1943) -  An. A Anlg. 22: 81-92.
M orrison, D.R. (1948) -  Suig. 23: 561-570.
-  N -
N athanson, M.H., Engleberg, H. A H ersh, J .  (1942) -  Amer. H eart
J* 34: 153-166.
N icholson, M .J. (1940) -  Suig. d .  N. Amer. 20: 639- 646 .
N icholson, M.J. A E v erso le , U.H. (1946) -  J .  Amr. Ass. 132: 679-685.
N itikm an, G.
Noble, A.B. (1946) -  Can. Med. Ass. J .  54: 378-379*
-  0 -
O’Shaughnesay, L. & Slome, D. (1935) -  B r i t .  J .  Suig . 22: 589-618.
-  P -
Peace, C.N. (1935) -  Amer. J .  D is. C h ild r, 49: 849-860.
P e te rso n , M .C., R o b ertazz i, R. & Goebel, J .  (1943) -  A naesthesio logy
4s 625-629.
P is e tsk y , J .E .  (1945) -  A naesthesiology 6: 522-527*
P i tk in ,  G.P. (1928) -  Amer. J .  Suig. 5: 537-553*
P i tk in ,  G.P. (1929) -  B r i t .  J .  An. 7: 2-16.
P i tk in ,  G*P. (1940) -  An. & Analg. 19 : 241-260 & 315-32$.
P i tk in ,  G.P. (1942) -  I b id  21: 1-12 & 8 > 9 5*
P o t t e r ,  J .K . & W hitacre, R .J . (1946) -  A naesthesio logy 7: 499-504* 
P re s c o tt  (1944) -  B r i t .  H eart J .  6: 214.
P r ic k e t t ,  M.D., G ross, B.C. <fe C u llen , S.C. (1945) -  A naesthesio logy
5: 469-475*
-  Q •
4  Quincke (1891) -  B e r lin  k l in .  Wochensehriffc 28 (929-933)*
-  R -
Ramson, D.B. (1946 ) -  J* Lab. d i n .  Med. 17# 115*
Rapoport, B. (1941) -  An* & Analg. 20: 19-24*
Rea, C.B. (1944) -  Surgery 16: 731-739*
Reynolds, K.E. & W ilson, G. (1934) -  J* Amer. Med. Ass. 102:
1460-1462*
R eid , L.C. (1941) -  A naesthesio logy 2: 161-169.
R ichards, R.K. & K eu ter, K. (1947) -  An. & Analg. 26; 22-29.
Rochford, J.W. (1944) -  J .  R.JUM.C. 85: 250-251.
Rochberg, S. & Apgar, V. (1942) -  A naesthesio logy 3: 48-51*
Roman, D .A ., Vega & A d rian i, J .  (1946) -  An. & Analg. 25: 79-83*
Roman, D .A ., Vega & A d rian i, J .  (1946) -  A naesthesio logy  3: 421-428.
Rombergger, F.T . (1943) -  An. & Analg. 22: 252-263.
R ovenstine, B.A. & Apgar, V. (1944) -  A naesthesio logy 5: 40-44*
R ovenstine, B .A ., Papper, E.M. & B rad ley , S.E. (1942) -
A naesthesio logy  7: 62-68.
Rowbotham, S. (1947) -  A naesthesia  2: 3 ( J u ly ) .
Ruben, J .B . (1947) -  Surgery 22: 826-833*
Ruben, J . E . , K am sler, P.M. & Howell J r . , W.L. (1948) -  Science
107: 223*
Ruth, H .S ., Haugen, P .P . & Grove, D.D. (1947) -  J* Amer. Med. Asa.
135: 881-884*
Ruzioka, E.R. (1945) -  A naesthesiology 6: 385-401.
-  S -
Sachs, L. (1941) -  An. & Analg. 20: 200-206.
S a lb , R.L. & M ueller, L. (1946) -  An. & Analg. 25: 84- 87 .
S ap p en fie ld , R.S. & R ovenstine, E*A. (1940) -  An. & Analg. 19:
S a m o ff , S .J .  & P a r r , H.W. (1944) -  A naesthesiology 5: 69-76.
S a rn o ff, S .J .  & Arrowwood, J .G . (1946) -  Surgery  20: 150-159*
S arn o ff, S .J .  & Arrowwood, J .G . (1947) -  J* C lin . In v e s t .
26: 203-216.
S a rn o ff, S .J .  & Arrowwood, J .G . & Chapman, W.P. (1948) -
Surg. Gyn. Obs. 86: 571-581.
Schmidt, C.F. (1945) -  A naesthesio logy  6: 113-123*
Schumacher, L .P . & B v erso le , U.H. (1942) -  A naesthesio logy
3: 630-643.
S eb rech ts , J .  (1930) -  B u ll. Acad. Boy. de Med. de B elg. 10s 543-683*
S eb rech ts , J .  (1934) -  B r i t .  J .  An. 12: 4-27*
S eb rech ts, J .  (1935) -  I b id .  13: 176-182.
Seevers, M.H. & W aters, R.M. (1932) -  An. & Analg. 11: 2-85.
Sellm an, P . (1940) -  Surg. 01. N. Amer. 20: 621-629.
Sellm an, P. (1941) -  A naesthesio logy  2; 333*338*
S h ie ld s , H .J . (1933) -  Can. Med. Ass. J .  29: 528-530.
S is e , L .P . (1932) -  An. & Analg. 11: 23- 28 .
S ise , L .P . (1940) -  Surg. Cl. N. Amer. 20: 631-638.
Slome, D. & O’Shau^inessy, L. (1938) -  B r i t .  J .  Surg. 35: 900-909*
Sm ith, P.A. (1946) -  A naesthesio logy  7: 419-421.
Sm ith, W. & Sm ith, M.M* (1941) -  Lancet 2: 783-785*
S m ila ir  (1902) -  Surg. Obs. Gyn. B r i t .  Enp. 22: 1902.
Snyder, W.H. & Snyder, M.H. (1939) -  An. & Analg. 18: 221-226.
S p e lle r ,  W.C. & Payne, P .L . (1924) -  J* Amer. Med. Ass. 82: 106.
S tan ley , G.D. (1942) -  Can. Med. Ass. J .  4 6 : 164-167*
S tan ley , G.D. (1943) -  An. & Analg. 22; 290- 296 .
S tan ley , L.L. (1940) -  An. & Analg. 19: 112-114.
S ta r r ,  Gamble, M angolies, Donal, Joseph & Engel (1937) -
J .  C lin . In v e s t . 16: 799*
S te in b e rg , B. & B ishop, H.P. (1946) -  A naesthesio logy 7: 296- 2 98 .
Symonds, C.P. (1925) -  Lancet 1: 434-435*
-  T -
Tain t e r ,  M.L. (1946) ~ .Anaesthesiology 7s 152-145.
T ay lo r, T .B ., B ennett, J .H . A W aters, R.M. (1957) -  In . A Analg.
16: 187-192.
T e f f ie r ,  M. (1899) “ Comptes Rendus Hebdoaiadaivus dee Seancea et
memoirs de l a  S ocie te  de B io log ia  51s 882 -884 .
T e lfo rd , E.D. (1939) -  Hoy. Soc. Med. 32: H 45- I I 48 .
Thomas, S .J . & S ica , P.B. (1946) -  Penn*. Med. J .  90s 157-143*
Thompson, K.W. (1934) -  Surg. Gyn. Obs. 58: 852-866.
T o rr ie , A.M. (1945) -  A naesthesiology 6; 154-15®.
T o v e ll, R.M. & Dunn, H.L. (1932) -  An. & Analg. 11: 37-41.
Trempe, P. (1937) ” An. & Analg. 16: 26-30.
T u f f ie r  (1899) ** Compt. Rend, de l a  Soc. de B io l. 51s 882-884*
Tuohy, E.B. (1945) -  S. C. N. A. 834-840.
Tuohy, E.B. (1947) -  J -  Amer. Ass. 135: 751-753-
Turner, P .P . & W ilkinson, P.A.H. (1945) -  Abaft, in  An. A Analg.
24: 12- 24.
-  V -
Vender P o s t, C.W.H. (1938) -  B r i t .  J .  Anaes. 15: 117-124.
V ehrs, G.R. (1936) -  An. A Analg. 15: 33-45*
V uylesteke, C.A. (1947) -  B.M.J. 1: 179-180.
-  W  -
W alker, J .B . (1936) -  B r it . J .  Suig. 24: 105-121.
W allace, G.B. & B red is, B.B. (1936) -  J* Biarm. A Exper. Thar.
65: 220-226.
W ardle, E.N. (1945) -  Lanoet Is 369-402.
W aters, R.M. & G ille s p ie , N.A. (1944) * A naesthesiology 5: 113-128.
Watson, T.P. (1943) -  Can. Med. Ass. J .  49: 121.
W atter, L. (1941) -  An. & Analg. 20: 132-144.
Weed, L.H. (1914) -  J .  Med. Res. 31: 51-59*
Weed, L .H ., Wedgeworth, P . ,  Ayer, J .P .  & P e lto n , L.D. (1920) -
Monograph 12. B ookfe lle r I n s t .  Med. Res.
Weed, L.H. (1938) -  J .  Anat. 72: 151-215.
W hitacre, P.M. (1944) -  An. & Analg. 2 3 :
Whit a c re , R .J . & Sankey, B.B. (1943) -  An. & Analg. 22 : 99-104*
W hitacre, R .J . & P o t te r ,  J .K . (1948) -  An. Suig. 127: 338-341*
W ilkinson, P.A.H. (1942) -  A naesthesiology 3: 437-443*
Woodbridge, P.D. (1940) -  Suig. C lin . N. Amer. 20 : 615-620.
Woolmer, R. (1948) -  A naesthesia 3: 73-76.
Woltman, H.N. (1936) -  Wisconsin Med. J .  35: 427-436.
W ossildo, E. (1932) -  J .  Amer. Med. Ass. 99: 993*
-  X -
Tanick, j . j .  (1939) -  An. & Analg. 18: 174-180.
NOTE THE references marked 't' have been quoted by o th e rs
” and not p e rso n a lly  consu lted  hy me.
